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FOREWORD 


The  Annual  Typhoon  Report  is  prepared 
by  the  staff  of  the  Joint  Typhoon  Warning 
Center  (JTWC) .  JTWC  is  a  combined  USAF/USN 
entity  operating  under  the  command  of  the 
U.  S.  Fleet  Weather  Central,  Guam.  The 
senior  Air  Force  officer  assigned  is  desig¬ 
nated  as  Director,  JTWC  and  is  responsible 
to  the  Commanding  Officer,  U.  S.  Fleet 


vvt:ci uxitiix.  L.i.ax r  ^uoiu  ±.ox  tiiG  Operation  of 
the  JTWC.  The  senior  Naval  Officer  of  the 


JTWC  is  designated  as  the  Deputy  Director/" 
Operations  Officer.  The  JTWC  was  estab¬ 
lished  by  CINCPACFLT  message  2802082  April 
1959  when  directed  by  CINCPAC  message 
230233Z  April  1959.  Its  operation  is  guided 
by  the  CINCPACINST  3140.1  (series). 


The  Fleet  Weather  Central/Joint  Typhoon 
Warning  Center,  Guam  has  the  responsibility 
to; 


1.  Provide  continuous  meteoro¬ 
logical  watch  of  all  tropical  activity  north 
of  the  equator,  west  of  the  Date  Line,  and 
east  of  the  African  coast  (JTWC  area  of 
responsibility)  for  potential  tropical 
cyclone  development; 

2.  Provide  warnings  for  all  sig¬ 
nificant  tropical  cyclones  in  the  assigned 
area  of  responsibility; 

3.  Determ.ine  tropical  cyclone 
reconnaissance  requirements  and  assign 
priorities; 

4.  Conduct  an  annual  post 
analysis  of  all  tropical  cyclones  occurring 
within  the  area  north  of  the  equator  from 
140W  west  to  the  coast  of  Africa  and  prepare 
an  Annual  Typhoon  Report  for  issuance  to 
interested  agencies;  and 


5.  Conduct  tropical  cyclone  fore¬ 
casting  and  detection  research  as  practi¬ 
cable  . 

In  the  event  of  incapacitation  of  the 
JTWC,  the  alternate  (AJTWC)  assumes  the 
responsibility  for  the  issuance  of  warnings'. 
The  U.  S.  Fleet  Weather  Central,  Pearl 
Harbor f  Hawaii  is  uGsi^nabad  as  tiho  AuTWC. 
Assistance  in  determining  tropical  cyclone 
reconnaissance  requirements  and  in  obtaining 
reconnaissance  data  is  provided  by  Detach¬ 
ment  4,  1st  Weather  Wing,  Hickam  AFB,  Hawaii. 

The  Central  Pacific  Hurricane  Center, 
(CPHC)  Honolulu,  Hawaii  is  manned  by  per¬ 
sonnel  of  the  0.  S.  National  Weather  Service 
who  are  responsible  for  the  issuance  of 
tropical  cyclone  warnings  for  the  area  north 
of  the  equator  from  the  Date  Line  east  to 

I4nw.  WaT-ninrt?;  i  nsiieiH  in  r-mrir-a  i  na  v  i  nn 

with  the  U.  S.  Fleet  Weather  Central,  Pearl 
Harbor  and  Detachment  4,  IWW,  Hickam  AFB, 
Hawaii.  Post  analysis  information  is  for¬ 
warded  to  the  JTWC  for  inclusion  in  the 
Annual  Typhoon  Report. 

The  meteorological  services  of  the 
United  States  are  planning  to  implement  the 
metric  system  of  measurement  over  the  next 
few  years.  Some  civilian  and  military 
agencies  have  started  the  education  program 
by  showing  the  metric  equivalents  to  current 
units  of  measure.  This  Annual  Typhoon 
Report  includes  metric  equivalents  to  most 
measures . 

Unless  otherwise  stated  all  satellite 
data  used  in  thi^  ATR  are  Air  Force  Weather 
Service  DMSP  Data  as  acquired  by  OL-C,  27CS 
personnel  and  analyzed  by  Det  1,  IWW  per¬ 
sonnel  colocated  with  the  JTWC  at  Nimitz 
Hill,  Guam.' 
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CHAPTER  I  -  OPERATIONAL  PROCEDURES 


1.  GENERAL 

Routine  services  provided  by  the  Joint 
Typhoon  Warning  Ceriter  (JTWC)  include  the 
folloi/ing:  (1)  Significant  Tropical  Weather 

Advisories  issued  daily  describing  all  tropi¬ 
cal  disturbances  and  their  potential  for 
further  development;  (2)  Tropical  Cyclone 
Formation  Alerts  issued  whenever  interpre¬ 
tation  of  satellite  and  synoptic  data  indi¬ 
cates  likely  formation  of  a  significant 
tropical  cyclone;  (3)  Tropical  Cyclone  Warn¬ 
ings  issued  four  times  daily  whenever  a 
significant  tropical  cyclone  exists  in  the 
Pacific  area;  (4)  Tropical  Cyclone  Warnings 
issued  twice  daily  whenever  a  significant 
tropical  cyclone  exists  in  the  Indian  Ocean 
area;  and  (5)  Prognostic  Reasoning  messages 
issued  twice  daily  for  tropical  storms  and 
typhoons  in  the  Pacific  area- 

JTWC  responds  to  changing  requirements 
of  activities  serviced.  Therefore,  contents 
of  routine  services  are  subject  to  change 
from  year  to  year  usually  as  a  result  of  the 
Annual  Tropical  Cyclone  Conference  delibera¬ 
tions  . 

2.  DATA  SOURCES 

a.  COMPUTER  PRODUCTS: 

FLEWEACEN  Guam  provides  computerized 
meteorological/oceanographic  products  for 
JTWC.  In  addition,  the  standard  array  of 
synoptic-scale  computer  analyses  and  prog¬ 
nostic  charts  are  available  from  the  Fleet 
Numerical  Weather  Central  (FNWC)  at  Monterey, 
California  via  FLEVJEACEN  Guam.  With  the 
installation  of  the  Naval  Environmental  Dis¬ 
play  Stations  (NEDS)  during  1978,  JTWC  now 
has  very  timely  access  to  necessary  FNWC 
products  and  is  thereby  able  to  more  effi¬ 
ciently  and  effectively  use  this  information. 

b.  CONVENTIONAL  DATA; 

Conventional  meteorological  data  are 
defined  as  surface  and  upper  air  observations 
from  island,  ship  and  land  stations  plus 
weather  observations  from  commercial  and 
military  aircraft  (AIREPS) .  Computer  plotted 
charts  of  OQOOZ  and  1200Z  conventional  data 
are  produced  daily  for  the  surface,  700  mb, 
and  500  mb  levels.  A  chart  of  upper  air  data 
is  produced  which  utilizes  200  mb  rawinsonde 
data  and  AIREPS  above  29,000  ft  within  6 
hours  of  the  OOOOZ  and  1200Z  synoptic  times. 

c.  AIRCRAFT  RECONNAISSANCE: 

Aircraft  weather  reconnaissance  data 
are  invaluable  in  the  positioning  of  centers 
of  developing  systems  and  essential  for  the 
accurate  determination  of  the  eye/center, 
maximum  intensity,  minimum  sea-level  pressure 
and  radius  of  significant  winds  exhibited  by 
tropical  cyclones.  Winds  and  pressure  height 
data  at  the  500  and/or  400  rob  level,  provided 
by  reconnaissance  aircraft  while  enroute  to, 
or  returning  from,  fix  missions,  is  also  used 


to  supplement  the  sparse  data  in  the  tropics 
and  subtropics.  These  data  are  plotted  on 
large-scale  .sectional  charts  for  each  mission 
flown.  A  comprehensive  discussion  of  air¬ 
craft  weather  reconnaissance  is  presented  in 
Chapter  II. 

d,  SATELLITE  KECONN.AISS.ANCE : 

Meteorological  satellite  data  from 
the  Defense  Meteorological  Satellite  Program 
(DMSP)  and  the  National  Oceanic  and  Atmo¬ 
spheric  Administration  played  a  major  role 
in  the  early  detection  and  tracking  of  tropi¬ 
cal  cyclones  in  1978.  A  discussion  of  this 
role  is  presented  in  Chapter  II. 

e .  RADAR  RECONNAISSANCE ; 

During  1978,  as  in  recent  years,  land 
radar  coverage  was  utilized  extensively  when 
available.  Once  a  storm  moved  within  the 
range  of  a  land  radar  site ,  reports  were 
usually  received  hourly.  Use  of  radar  during 
1978  is  discussed  in  Chapter  II. 

3.  COMMUNICATIONS 

a.  FWC/JTWC  currently  has  access  to 
tnree  primary  communications  circuits: 

(1)  The  Automated  Digital  Network 
(AUTODIN)  is  used  for  dissemination  of  warn¬ 
ings  and  other  related  bulletins  to  Depart¬ 
ment  of  Defense  installations.  These 
messages  are  relayed  for  further  transmission 
over  U.  S.  Navy  Fleet  Broadcasts,  U.  S.  Coast 
Guard  CW  (continuous  wave  morse  code)  and 
voice  communications.  Inbound  message  traf¬ 
fic  for  JTWC  is  received  via  AUTODIN  addres¬ 
sed  to  FLEWEACEN  GUAM._ 

(2)  The  Air  Force  Automated  Weather 
Network  (AWN)  provides  necessary  weather  data 
to  JTWC  through  a  dedicated  circuit  from  the 
automated  digital  weather  switch '{ADWS )  at 
Clark  AB,  R.P.  The  ADWS  selects  and  routes 
the  large  volume  of  meteorological  reports 
necessary  to  satisfy  JTWC  requirements  for 
the  right  data  at  the  right  time.  Weather 
bulletins  prepared  by  JTWC  are  inserted  into 
the  AWN  circuit  by  the  Nimitz  Hill  Naval 
Telecommunications  Center  (NTCC)  of  the  Naval 
Communications  Area  Master  Station  Western 
Pacific. 

(3)  The  Naval  Environmental  Data 
Network  (NEDN)  connects  FWC/JTWC  with  the 
computers  at  FNWC.  FWC/JTWC  is  able  to  both 
receive  environmental  data  from  FNWC  and 
access  the  computers  directly  to  run  various 
programs , 

b.  Besides  providing  forecasters  with 
the  ability  to  rapidly  access  computer  pro¬ 
ducts  from  FNWC,  the  NEDS  has  recently  be¬ 
come  the  backbone  of  the  FWC/JTWC  communi¬ 
cations  system.  AUTODIN  and  AWN  message 
tapes  can  now  be  prepared  by  JTWC  personnel 
for  insertion  into  the  AUTODIN  and  AWN  cir¬ 
cuits  by  the  NTCC.  The  NEDS  is  also  used  fay 
the  TDO  to  request  forecast  aids  which  are 


1 


processed  by  the  computers  at  PNWC  Monterey 
and  transmitted  back  to  the  TDO  over  the  NEDN 
CirCLli  u  - 

4.  ANALYSES 

A  composite  surface/gradient  level  (3000 
ft)  manual  analysis  is  accomplished  on  the 
OOOOZ  and  1200Z  conventional  data.  Analysis 
of  the  wind  field  using  streamlines  is 
stressed  for  tropical  and  subtropical 
regions.  Analysis  of  the  pressure  field  is 
stressed  for  higher  latitudes  and  in  the 
vicinity  of  tropical  cyclones. 

Manual  analysis  of  the  500  mb  level  is 
accomplished  on  the  OOOOZ  and  1200Z  data 
when  significant  tropical  cyclones  exist. 
Although  the  analysis  of  the  500  mb  height 
field  is  stressed,  analysis  of  the  wind 
field  to  more  clearly  delineate  steering 
currents  is  equally  important. 

A  composite  upper-tropospheric  manual 
analysis,  utilizing  rawinsonde  data  from 
300  mb  through  100  mb,  wind  directions  ex¬ 
tracted  from  satellite  data  by  Det  1,  ivn-) 
and  AIREPS  (plus  or  minus  6  hours)  at  or 
above  29,000  feet  is  accomplished  on  OOOOZ 
and  1200Z  data  daily.  Wind  and  height  data 
are  used  to  arrive  at  a  representative 
analysis  of  tropical  cyclone  outflow  pat¬ 
terns,  of  steering  currents  and  of  areas 
that  may  indicate  tropical  cyclone  intensity 
change.  All  charts  are  hand  plotted  over 
areas  of  tropical  cyclone  activity,  to  pro¬ 
vide  all  available  data  as  soon  as  possible, 
to  the  TDO,  and  then  augmented  by  the  com¬ 
puter  plotted  charts  for  the  final  analyses. 

Additional  sectional  charts  at  inter¬ 
mediate  synoptic  times  and  auxiliary  charts 
such  as  checkerboard  diayraius  and  pressure 
change  charts  are  also  analyzed  during 
periods  of  significant  tropical  cyclone 
activity . 

5.  FORECAST  AIDS 

a.  CLIMATOLOGY: 

Climatological  publications  utilized 
during  the  1978  typhoon  season  include  pre¬ 
vious  JTWC  Annual  Typhoon  Reports  and  clima¬ 
tic  publications  from  Fleet  Weather  Central, 
Guam,  Naval  Environmental  Prediction 
Research  Facility,  Naval  Postgraduate  School, 
Air  Weather  Service,  First  Weather  Wing  and 
Chanute  Technical  Training  Center,  plus 
publications  from  other  Air  Force  and  Navy 
activities,  various  universities  and  foreign 
countries . 

b .  OBJECTIVE  TECHNIQUES : 

The  following  objective  techniques 
were  employed  in  tropical  cyclone  forecasting 
during  1978,  A  description  of  these  tech¬ 
niques  is  presented  in  Chapter  IV. 

(1)  TYFN75 

(2)  MOHATT  700/500 

(3)  FCSTINST 

(4)  12  HR  EXTRAPOLATION 


(5)  CLIMATOLOGY 

{ 6 )  HPAC 

(7)  TROPICAL  CYCLONE  MODEL 

(8)  INJAH74 

( 9 )  CYCLOPS 

(10)  TYAN78 

6.  FORECASTING  PROCEDURES 

a.  INITIALIZATION: 

In  the  preparation  of  each  warning, 
the  actual  surface  location  (fix)  of  the 
tropical  cyclone  eye/center  just  prior  to 
(within  three  hours  of)  warning  time  is  of 
prime  importance.  JTWC  uses  the  Selective 
Reconnaissance  Program  (SRP)  to  levy  an 
optimum  mix  of  aircraft,  satellite  and  radar 
resources  to  obtain  fix  information.  When 
tropical  cyclones  are  either  poorly  defined 
or  the  actual  surface  location  cannot  be 
determined,  or  when  conflicting  fix  infor¬ 
mation  is  received,  the  "best  estimate"  of 
the  surface  location  is  subjectively  deter¬ 
mined  from  the  analysis  of  all  available 
data.  If  fix  data  is  not  available  due  to 
reconnaissance  platform  malfunctions  or 
communication  problems ,  synoptic  data  or 
extrapolation  from  previous  fixes  is  used. 
The  initial  forecast  (warning  time)  position 
is  then  obtained  by  extrapolation  using  the 
current  fix  and  a  "best  track"  of  the 
cyclone  movement  to  date. 

b.  TRACK  FORECASTING: 

An  initial  forecast  track  is  devel- 
bsssd.  on  ths  pirsviOvis  fozrscsst  tb© 
objective  techniques.  This  initial  track 
is  subjectively  modified  based  on  the  fol¬ 
lowing  : 

(1)  The  prospects  for  recurvature 
are  evaluated  for  all  westward  and  northward 
moving  storms.  This  evaluation  is  based 
primarily  on  present  and  forecast  position 
and  amplitude  of  middle  tropospheric  mid¬ 
latitude  troughs  from  the  latest  500  mb 
analysis  and  numerical  prognoses - 

(2)  Determination  of  steering  level 
is  partly  influenced  by  maturity  and  verti¬ 
cal  extent  of  the  system.  For  mature  storms 
located  south  of  the  500  mb  subtropical 
ridge,  forecast  changes  in  speed  of  movement 
are  closely  correlated  with  forecast  changes 
in  the  intensity  of  the  ridge.  When  steer¬ 
ing  currents  are  very  weak,  the  tendency  for 
cyclones  to  move  northward  due  to  their  in¬ 
ternal  forces  is  an  important  consideration. 

(3)  The  proximity  of  the  tropical 

cyclone  to  other  tropical  cyclones  is 
evaluated  to  determine  if  there  is  a  possi¬ 
bility  of  Fu j iwhara  interaction,  '' 

(4)  Over  the  12-  to  72-hr  forecast 
spectrum;  speed  of  movement  during  the  early 
time  frame  is  biased  toward  persistence  (12 
hr  extrapolation)  while  that  near  the  end  of 
the  time  frame  is  biased  towards  objective 
techniques  and  climatology. 
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(5)  A  final  check  is  made  against 
climatology  to  ascertain  the  likelihood  of 
the  forecast  track.  If  the  forecast  devi¬ 
ates  greatly  from  climatology,  the  forecast 
rationale  is  reappraised  and  the  track  ad¬ 
justed  as  necessary . 


tions  are  verified  against  the  corresponding 
post  analysis  "best  track"  positions.  A 
summary  of  the  verification  results  for  1978 
is  presented  in  Chapter  IV. 

8.  PROGNOSTIC  REASONING  MESSAGE 


c.  INTENSITY  FORECASTING: 

In  forecasting  intensity,  heavy 
reliance  is  placed  on  aircraft  reconnais¬ 
sance  reports,  the  Dvorak  satellite  inter¬ 
pretation  model,  wind  and  pressure  data  from 
ships  and  land  stations  in  the  vicinity  of 
the  cyclone,  and  the  objective  techniques. 
Additional  considerations  are  the  position 
and  intensity  of  the  tropical  upper-tropo¬ 
spheric  trough  (TUTT) ,  extent  and  intensity 
of  upper-level  outflow,  sea  surface  tempera¬ 
ture,  terrain  influences,  speed  of  movement 
and  proximity  to  an  extratropical  environ¬ 
ment. 

7.  WARNINGS 

Tropical  cyclone  warnings  are  issued  when 
a  definite  closed  circulation  is  evident  and 
maximum  sustained  wind  speeds  are  forecast  to 
increase  to  34  or  more  knots  within  48  hours > 
or  the  cyclone  is  in  such  a  position  that 
life  or  property  may  be  endangered  within  72 
hours.  Warnings  are  also  issued  in  other 
situations  if  it  is  determined  that  there  is 
a  need  to  alert  military  and  civil  interests 
to  conditions  which  may  become  hazardous  in 
a  short  period  of  time.  Each  tropical 
cyclone  warning  is  nvuobered  sequentially  and 
includes  the  initial  warning  time,  eye/cen¬ 
ter  position,  intensity,  the  radial  extent 
of  30,  50  and  100  knot  surface  winds  (when 
applicable) ,  the  levied  fix  position  used, 
the  instantaneous  speed  and  direction  of 
movement  of  the  cyclone's  surface  center  at 
warning  time  and  the  forecast  information. 

A  4^^  ^  4  1 
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cyclones,  regardless  of  intensity,  are  12- , 
24-,  48-  and  72-hr.  Warnings  within  the  JTWC 
Pacific  area  are  issued  within  two  hours  of 
OOOOZ,  0600Z,  1200Z  and  1800Z  with  the  con¬ 
straint  that  two  consecutive  warnings  may 
not  be  more  than  seven  hours  apart.  Warnings 
in  the  JTVJC  Indian  Ocean  area  are  issued 
within  two  hours  of  0800Z  and  2000Z  with  the 
constraint  that  two  consecutive  warnings  may 
not  be  more  than  fourteen  hours  apart.  These 
variable  warning  times  allow  for  maximum.  use_. 
of  all  available  reconnaissance  niatforms  and 
more _^ef fectively  distribute  the  workload  in 
multrp“le  storm  situations.  If  warnings  are 
discontinued  and  a  cyclone  reintensifies, 
warnings  are  numbered  consecutively  from  the 
last  warning  issued.  Warning  forecast  posi- 


In  the  Pacific  Area,  prognostic  reasoning 
messages  are  transmitted  based  on  the  OOOOZ 
and  1200Z  warnings  or  whenever  the  previous 
reasoning  is  no  longer  valid.  This  plain 
language  message  is  intended  to  provide  field 
meteorologists  with  the  reasoning  behind  the 
latest  JTWC  forecast.  Prognostic  reasoning 
messages  are  not  prepared  for  tropical 
depressions  nor  for  the  cyclones  in  the 
Indian  Ocean  area. 

For  the  1978  deason,  JTWC  included  con¬ 
fidence  statements  for  the  24  and  48-hour 
forecasts.  The  confidence  values  were  per¬ 
centage  probabilities  that  the  24-hour  fore¬ 
cast  position  error  would  be  less  than  100  nm 
and  less  than  150  nm,  respectively;  and  that 
the  48-hour  error  would  be  less  than  200  nm 
and  less  than  300  nm,  respectively.  These 
probabilities  were  based  on  objective  data 
from  error  analysis  studies  of  past  cyclones 
and  were  a  function  of  latitude,  longitude, 
storm  intensity  and  organization.  The  fore¬ 
caster  added  objective  data  based  on  the 
subjective  analysis  of  the  synoptic  situation 
and  the  variance  in  the  objective  forecast 
aids  available. 

Prognostic  reasoning  information  appli¬ 
cable  to  all  customers  is  provided  in  the 
remarks  section  of  warnings  when  significant 
changes  are  made  or  when  deemed  appropriate . 


9.  SIGNIFICANT  TROPICAL  WEATHER  ADVISORY 


This  plain  language  message,  summarizing 
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of  responsibility,  is  issued  by  0600Z  daily. 
It  contains  a  detailed,  non-technical  des¬ 
cription  of  all  significant  tropical  distur¬ 
bances  and  the  JTWC  evaluation  of  potential 
for  significant  tropical  cyclone  development 
within  the  24-hour  forecast  period. 


10.  TROPICAL  CYCLONE  FORMATION  ALERT 


Alerts  are  issued  whenever  interpre¬ 
tation  of  satellite  and  other  meteorological 
indxcsti€s  sxQ'ni.f icdnt  tropics.!  cyclons 
formation  is  likely.  These  alerts  will 
specify  a  valid  period  not  to  exceed  24  hours 
and  must  either  be  cancelled,  reissued  or 
superseded  by  a  warning  prior  to  expiration 
of  the  valid  period. 
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CHAPTER  II  -  RECONNAISSANCE  6  FIXES 


1.  GENERAL 

The  Joint  Typhoon  Warning  Center  depends 
on  reconnaissance  to  provide  necessary, 
accurate  and  timely  meteorological  infor¬ 
mation  in  support  of  each  warning.  JTWC 
relies  primarily  on  three  sources  of  recon¬ 
naissance:  aircraft,  satellite  and  radar. 
Optimum  utilization  of  all  available  recon¬ 
naissance  resources  is  obtained  through  use 
of  the  Selective  Reconnaissance  Program  (SRP) 
whereby  various  factors  are  considered  in 
selecting  a  specific  reconnaissance  platfoirra 
for  each  warning.  These  factors  include: 
cyclone  location  and  intensity,  reconnais¬ 
sance  platform  capabilities  and  limitations, 
and  the  cyclone's  threat  to  life/property 
afloat  and  ashore.  A  summary  of  reconnais¬ 
sance  fixes  received  during  1978  is  included 
in  Section  6. 

2.  RECONNAISSANCE  AVAILABILITY 

a.  Aircraft: 

Aircraft  weather  reconnaissance  is 
performed  in  the  JTWC  area  of  responsibility 
by  the  54th  Weather  Reconnaissance  Squadron 
(54  WRS) .  The  squadron,  presently  equipped 
with  six  WC-130  aircraft,  is  located  at 
Andersen  Air  Force  Base,  Guam.  From  July 
through  October,  augmentation  by  the  53rd 
WRS  at  Keesler  Air  Force  Base,  Mississippi 
brings  the  total  number  of  available  aircraft 
to  nine.  The  JTWC  reconnaissance  require¬ 
ments  are  provided  daily  throughout  the  year 
to  the  Tropical  Cyclone  Aircraft  Reconnais¬ 
sance  Coordinator  (TCARC) .  These  require¬ 
ments  include  area{s}  to  be  investigated, 
tropical  cyclone (s)  to  be  fixed,  fix  times 
and  forecast  positions  of  fixes.  The  follow¬ 
ing  priorities  are  utilized  in  acquiring 
meteorological  data  from  aircraft,  satellite 
and  land-based  radar  in  accordance  with 
CINCPACINST  3140. IN: 

" (1)  Investigative  flights  and  vor¬ 
tex  or  center  fixes  for  each  scheduled  warn¬ 
ing  in  the  Pacific  area  of  responsibility. 

One  aircraft  fix  per  day  of  each  cyclone  of 
tropical  storm  or  typhoon  intensity  is  con¬ 
sidered  the  minimum  desired. 

(2)  Center  or  vortex  fixes  for  each 
scheduled  warning  of  tropical  cyclones  in  the 
Indian  Ocean  Area  of  responsibility. 

(3)  Supplementary  fixes. 

(4)  Synoptic  data  acquisition'." 

As  in  pjT^vious  ysars^  dirc^r^f'k  2r6Con“ 
naissance  provided  direct  measurements  of 
height,  temperature,  flight-level  winds,  sea 
level  pressure,  estimated  surface  winds  (when 
observable)  and  numerous  additional  para¬ 
meters.  The  meteorological  data  are  gathered 
by  the  Aerial  Reconnaissance  Weather  Officers 


(ARWO)  and  dropsonde  operators  of  Detachment 
4,  Hq  AWS  who  crew  with  the  54th.  These  data 
provide  the  Typhoon  Duty  Officer  (TDO)  indi¬ 
cations  of  changing  cyclone  characteristics, 
radius  of  cyclone  associated  winds,  and 
present  cyclone  position  and  intensity. 
Another  important  aspect  of  this  data  is  its 
availability  for  research  in  tropical  cyclone 
analysis  and  forecasting.  Aircraft^ recon¬ 
naissance  will  become  even  morelijltnjportant  in 
years  to  come  when  high-resolutl'oji  tropical 
cyclone  dynamic  steering  programs  will  re¬ 
quire  a  dense  input  of  wind  and  temperature 
data. 

b.  Satellite 

Satellite  fixes  from  USAF  ground 
sites  and  USN  ships  provide  day  and  night 
coverage  in  the  JTIVC  area  of  responsibility. 
Interpretation  of  this  satellite  imagery  pro¬ 
vides  cyclone  positions  and  estimates  of 
storm  intensities  through  the  Dvorak  tech¬ 
nique  (for  daytime  passes) . 

Detachment  i ,  1st  Weather  Wing  is  the 
primary  fix  site  for  the  western  North  Paci¬ 
fic.  Both  DMSP  and  NOAA  data  are  received 
and  processed.  DMSP  fix  positions  received 
at  JTWC  from  the  Air  Force  Global  Weather 
Central  (AFGWC) ,  Offutt  Air  Force  Base, 
Nebraska  were  the  major  source  of  satellite 
data  for  the  Indian  Ocean.  GOES  fixes  were 
also  provided  by  the  National  Environmental 
Satellite  Service,  Honolulu,  Hawaii  for 
tropical  cyclones  near  the  dateline. 

»  ivctuaj. 

Land  radar  provides  positioning  data 
on  well  developed  cyclones  when  in  proximity 
(usually  within  175  nm  of  the  radar  site)  of 
the  Republic  of  the  Philippines,  Taiwan, 

Hong  Kong,  Japan,  the  Republic  of  Korea, 
Kwajalein,  and  Guam. 

3.  AIRCRAFT  RECONNAISSANCE  SUMMARY 

JTWC  levied  290  six-hourly  vortex  fixes 
(Table  2-1) .  New  storm  tracks  developed  by 
Det  4 ,  AWS  and  JTWC  increased  the  number  of 
supplemental  fixes  from  4  in  1977  to  149  in 
1978.  These  tracks  require  reconnaissance 
aircraft  to  penetrate  a  tropical  cyclone 
twice  on  a  one- fix  mission  and  three  times 
on  a  two-fix  mission?  the  extra  fix  is  termed 
supplemental.  In  addition  to  vortex  fixes, 

38  investigative  missions  were  levied  (the 
1976-1978  average  is  38  invests).  Of  1978's 
32  tropical  cyclones,  investigative  missions 
were  not  flown  on  nine. 

Reconnaissance  effectiveness  is  summa¬ 
rized  in  Table  2-1  using  the  criteria  as  set 
forth  in  CINCPACINST  3140, IN. 


4 


1  TABLE  2-1.  AIRCRAFT  RECCMNAISSANCE  EFFECTIVENESS  | 

EFFECTIVENESS 

NUMBER  OF 
FIXES 

PERCENT 

COMPLETED  ON  TIME 

272 

93.8 

EARLY 

6 

2.1 

LATE 

10 

3.4 

MISSED 

2 

TOTAL  290 

0.7 

100.0 

1  LEVIED  VS.  MISSED  FIXES 

LEVIED  MISSED 

PERCENT 

AVERAGE  1965-1970 

507 

10 

2.0 

1971 

802 

61 

7-6 

1972 

624 

126 

20.2 

1973 

227 

13 

5,7 

1974 

358 

30 

8.4 

1975 

217 

7 

3.2 

1976 

317 

11 

3.5 

1977 

203 

3 

1.5 

1978 

290 

2 

0.7 

4.  SATELLITE  RECONNAISSANCE  SUMMARY 

The  Air  Force  provides  satellite  recon¬ 
naissance  support  to  JTWC  using  meteorologi¬ 
cal  data  from  DMSP  polar  orbiting  meteoro¬ 
logical  satellites. 

A  network  of  tactical  DMSP  sites  at 
Nimitz  Hill,  Guam;  Clark  AB,  Philippines; 
Kadena  AB,  Japan;  Osan  AB,  Korea;  and  Hickam 
AFB,  Hawaii  provides  direct  readout  coverage 
north  of  the  equator  from  the  dateline  west 
into  the  South *China  Sea.  In  February  1977, 
the  Guam  site  was  modified  to  acquire  very 
high  resolution  data  from  the  National 
Oceanic  and  Atmospheric  Administration  (NOAA) 
satellites.  The  Hawaii  site  was  modified 
soon  thereafter. 

The  Air  Force  Global  Weather  Central 
(AFGWC)  at  Offutt  AFB,  Nebraska,  using  stored 
data  readout,  provides  satellite  reconnais¬ 
sance  over  the  Indean  Ocean  and  backup  for 
the  tactical  sites  in  WESTPAC.  Det  1,  IWW 
colocated  with  the  JTWC,  operates  the  net¬ 
work  tasking  appropriate  sites  for  tropical 
cyclone  position  reports. 


Satellite  positions  are  assigned 
Position  Code  Numbers  (PCN's)  depending  on 
the  availability  of  geography  for  precise 
gridding  and  the  state  of  the  tropical 
cyclone's  circulation  (Table  2-2).  Esti¬ 
mates  of  tropical  cyclone  intensity  are  ob¬ 
tained  from  visual  data  using  the  Dvorak 
technique  (NOAA  Technical  Memorandum  NESS  45 
and  later  refinements) . 


TABLE 

PCN 

2-2.  POSITION  CODE  NUMBERS 

METHOD  OF  CENTER  DETERMINATION/GRIDDING 

1 

EYE/GEOGRAPHY 

0 

cvc/rpurMrpTC 

3 

WELL  DEFINED  CC/GEOGRAPHY 

4 

WELL  DEFINED  CC/EPHEMERIS 

5 

POORLY  DEFINED  CC/GEOGRAPHY 

6 

POORLY  DEFINED  CC/EPHEMERIS 

1  CC=Circu1ation  Center  I 

Availability  of  satellite  data  enabled 
JTWC  to  effectively  use  satellite  reconnais¬ 
sance  through  the  Selective  Reconnaissance . 
Program  (SRP) .  During  the  1978  season  over 
1900  satellite  fixes  were  made  on  unnumbered 
as  well  as  numbered  tropical  cyclones  in 
WESTPAC. 

By  using  a  dual-site  tasking  concept 
which  requires  at  least  two  separate  DMSP 
sites  to  make  each  JTWC  levied  tropical 
cyclone  fix,  satellite  reconnaissance  reli¬ 
ability  in  meeting  JTWC's  fix  requirements 
was  96%.  Most  missed  fixes  were  due  to  an 
unreliable  late  morning/late  evening  satel¬ 
lite.  Because  of  this  satellite’s  unreli¬ 
ability,  aircraft  reconnaissance  routinely 
supported  0600Z  and  1800Z  warnings  with  radar 
and  NOAA-5  satellite  data  also  being  used  on 
occasion.  Use  of  the  NOAA-5  satellite  for 
fixing  tropical  cyclones  ended  in  September 
1978  when  the  satellite  became  too  unstable 
for  accurate  positioning. 

A  comparison  of  satellite  derived  posi¬ 
tions  and  the  JTWC  Best  Track  positions  is 
included  in  Table  2-3.  The  relative  accura¬ 
cies  of  satellite  positions  can  be  obtained 
from  this  table. 


TABLE  2-3.  MEAN  DEVIATIGNS  (NM)  OF  DMSP  DERIVED  TROPICAL  CYCLCNE  I 
PCSniONS  FROM  JTWC  BEST  TRACK  POSITICKS,  1974-1978  (ALL  SITES) . 
NUMBER  OF  CASES  SHOWN  IN  PARENTHESIS. 


1974 


1975 


1976  1977 


1978 


PCN 

(ALL 

SITES) 

{.ALL 

SITES) 

(all 

SITES) 

(AIL 

SI^> 

(AIL  SiraS) 

1 

13.6 

(224) 

11.8 

(214) 

12.4 

(131) 

15.7 

(134) 

13.8 

(189) 

2 

17.4 

(  37) 

20.4 

(  35) 

20.1 

(124) 

19.1 

(  47) 

16.0 

(  95) 

3 

20.1 

(422) 

21.2 

(271) 

21.7 

(161) 

22-4 

(141) 

21.9 

(353) 

4 

23.9 

(70) 

22.4 

(  50) 

29.3 

(152) 

30.0 

(  75) 

21.8 

(156) 

5 

35.4 

(342) 

34.2 

(323) 

40.4 

(247) 

37.7 

(357) 

38.1 

(571) 

6 

49.4 

(108) 

44.7 

(  71) 

49.0 

(153) 

40.9 

(247) 

50,5 

(370) 

1&2 

14,2 

(261) 

13.0 

(249) 

16.1 

(255) 

16.6 

(181) 

14.6 

(284) 

3&4 

20,6 

(492) 

21.4 

P21) 

25.4 

(313) 

25.0 

(216) 

21.9 

(509) 

5&6 

38.8 

(450) 

36-1 

(394) 

43.7 

(400) 

39.0 

(604) 

43.0 

(941) 
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Satellite  derived  fixes  were  also  ob¬ 
tained  from;  USN  ships  equipped  for  MSF  or 
TIROS-N/NOAA  APT  direct  readout;  the  National 
Environmental  Satellite  Service  using  NOAA 
and  GOES  data;  and  Fleet  Weather  Facility 
(FLEWEAFAC) ,  Suitland,  Maryland  using  stored 
NOAA  and  DMSP  data.  This  information  was 
invaluable  to  the  warning  service.  Since 
these  were  secondary  sources,  they  were  not 
included  in  statistics. 

5.  RADAR  RECONNAISSANCE  SUMMARY 

Fifteen  of  the  32  significant  tropical 

Lij-x  wvcx  w*k 

Pacific  during  1978  passed  within  range  of 
land  based  radars  with  sufficient  cloud 
pattern  organization  to  be  fixed.  The 
hourly  and  oftentimes,  half-hourly  land 
radar  fixes  that  were  obtained  and  trans¬ 
mitted  to  JTWC  totaled  848.  A  percentage 
breakdown  by  country  is  as  follows; 
Japan-Ryukyu  Islands  62%,  Republic  of  the 
Philippines  18%,  Hong  Kong  8%,  Guam  (U.S.) 

7%,  and  Taiwan  4%. 

The  WMO  radar  code  defines  three  cate¬ 
gories  of  accuracy;  good  (within  10  km 
(5.4  nm) ) ,  fair  (within  10-30  km  (5.4-16.2 
nm) )  and  poor  (within  30-50  km  (16.2-27  nm) ) . 
This  year  308  radar  fixes  were  coded  in  this 
manner;  49%  were  good,  20%  fair  and  31%  poor. 
Compared  to  the  JTWC  best  track,  the  mean 
vector  deviation  for  land  radar  sites  was 
13  nm  (24  km) . 

Of  the  15  tropical  cyclones  which  were 
monitored  with  radar,  10  were  typhoons 
(Olive,  Virginia,  Wendy,  Carmen,  Elaine, 

Faye,  Irma,  Lola,  Ora  and  Rita).  These  10 
typhoons  accounted  for  74%  of  all  radar  fixes 
received  this  season.  Excellent  support 
through  timely  and  accurate  radar  fix  posi¬ 
tioning  allowed  JTWC  to  track  and  forecast 
tropical  cyclone  movement  through  even  the 
most  difficult  and  erractic  tracks. 

The  54  WRS  made  four  radar  center  fixes 
from  their  WC-130  aircraft  when  actual 
penetration  was  restricted.  One  aircraft 
radar  fix' of  TC  20-78  when  over  the  Arabian 
Sea  was  relayed  to  JTWC  from  Diego  Garcia. 

No  ship  radar  center  fixes  were  received 
during  197B. 

6.  TROPICAL  CYCLONE  FIX  DATA 

A  total  of  3172  fixes  on  32  northwest 
Pacific  tropical  cyclones  and  117  fixes  on 
four  northern  Indian  Ocean  tropical  cyclones 
were  received  at  JTWC.  Table  2-4,  Fix  Plat¬ 
form  Summary,  delineates  the  number  of  fixes 
per  platform  for  each  individual  tropical 
cyclone.  Season  totals  and  percentages  are 
also  indicated. 

Annex  B  is  an  output  of  program  PRNTFIX 
which  lists  individual  fixes  sequentially 
for  each  tropical  cyclone.  Fix  data  is 
divided  into  three  categories;  Satellite, 
Aircraft  and  Radar.  Those  fixes  labeled 
with  an  asterisk  (*)  were  determined  to  be 
unrepresentative  of  the  surface  center  and 
were  not  used  in  determining  the  best  tracks. 
Within  each  category,  the  first  three  columns 
are  as  follows: 

FIX  NO.  -  Sequential  fix  number 
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TMt£  2-4.  rix  PUlTFtmi  SUIWARY 


TIME  (Z)  -  GMT  time  in  day,  hours  and 
minutes _ 

Fix  POSITION  -  Latitude  and  longitude  to 
the  nearest  tenth  of  a  degree 


Depending  upon  the  category,  the  remainder 
of  the  format  varies  as  follows: 

a.  Satellite 

(1)  ACCRY  -  Position  Code  Number 
(PCN)  (See  Sec,  5) .  The  accuracy  for  FWF 
Suitland  fix  positions  are  given  as  confi¬ 
dence  numbers  (CONF)  (See  Table  2-5  for 
details) . 


(2)  DVORAK  CODE  —  Intensity  evalua¬ 
tion  and  trend  utilizing  DMSP  visual  satel¬ 
lite  data. 


Sf 

* 


'■ 

$  -9 
.  /  \ 


$ 

?  PLUS 


o*** 

oC 

▼ 


fyo 


I  w/  \  7 IVIINU5  /  ^  \  f  /  \  ;iirs 
LEAVE  W 


R- 


EXAMPLE:  TS/6  MINUS/ W1.5/24hrt. 

(For  specifics  refer  to  NOAA  TM;  NESS-45) 


1  TABLE  2-5.  CONFIDENCE 

(CONF)  NUMBERS 

AS  A  FUNCTION  OF  DVOiLVK  T  1 

■  Kl/MBER  AND 

RADIUS  OF  90% 

PROBABILITY 

AREA  (NM) .  ■ 

1  TROPICAL  CYCLONE  1 

INTENSITY 

CONF  a) 

CONF  (2) 

CONF  (3) 

T1.5 

60 

120 

170 

T2,0 

60 

120 

170 

T2.  5 

60 

120 

3  70 

T3.0 

50 

100 

150 

T3.5 

45 

90 

140 

Tii.O 

45 

90 

140 

T^.5 

45 

90 

J40 

T5.0 

40 

90 

130 

T5.5 

40 

80 

130 

T6.0 

40 

80 

130 

T6,5 

30 

70 

120 

T7.0 

30 

70 

120 

T7.5 

30 

60 

100 

T8.0 

30 

60 

100 

(3)  SAT  -  Specific  satellite  used  for 
fix  position  (DMSP  35,  36  or  37,  NOAA-5, 
TIROS-N,  or  Geostationary  Operational  Environ¬ 
mental  Satellite  (GOES) ) . 

(4)  COMMENTS  -  For  explanation  of 
abbreviations  see  Appendix, 

(5)  SITE  -  ICAO  call  sign  of  the 

4-*ra  irirr  nn  . 

b .  Radar 

(1)  RADAR  -  Specific  type  of  platform 
utilized  for  fix  (land  radar  site,  aircraft 
or  ship) . 

(2)  ACCRY  -  Accuracy  of  fix  position 
(good,  fair  or  poor)  as  given  in  the  WMO 
ground  radar  weather  observation  code  (FM20- 
V)  . 

(3)  EYE  SHAPE  -  Geometrical  repre¬ 
sentation  of  the  eye  given  in  plain  language 
(Circular,  Elliptical,  etc.). 

(4)  EYE  DIAM  -  Diameter  of  eye  given 
in  nautical  miles. 

(5)  RADOB  CODE  -  TaJcen  directly  from 
WMO  ground  weather  radar  observation  code 
PM20-V.  First  group  specifies  the  vortex 
parameters  while  the  second  group  describes 
the  movement  of  the  vortex  center. 

(6)  RADAR  POSITION  -  Latitude  and 
longitude  of  tracking  station  given  in 
tenths  of  a  degree. 

(7)  SITE  -  WMO  station  number  of  the 
specific  tracking  station. 

c.  Aircraft 

(1)  FLT  LVL  -  The  constant  pressure 
surface  level,  in  mb,  maintained  during  the 
penetration.  700  mb  is  the  normal  level 
flown  in  developed  cyclones  due  to  turbulence 
factors  with  low  level  missions  flown  at 
1500  ft. 

(2)  MIN  HGT  -  Minimum  height  of  the 
700  mb  pressure  surface  within  the  vortex 
recorded  in  meters. 


(3)  OBS  MSLP  -  The  minimum  observed 
sea  level  pressure  on  a  700  mb  fix  mission  is 
obtained  by  applying  the  minimum  700  mb 
height  to  the  following  regression  equation: 

SLP  (ME)=.115  (700  mb  HGT  [M] )  +  645 

This  relationship  is  accurate  within 
+  3  mb  in  most  cases.  However,  if  the  700  mb 
center  and  the  surface  center  are  not  verti¬ 
cally  alligned,  the  minimum  sea  level  pres¬ 
sure  will  be  erroneously  high.  If  the  sur¬ 
face  center  can  be  visually  detected  (e.g., 
in  the  eye) ,  the  minimum  sea  level  pressure 
is  obtained  by  a  dropsonde  released  above 
the  surface  vortex  center. 

If  the  fix  is  made  at  the  1500  foot 
level,  the  sea  level  pressure  is  extrapolated 
from  that  level. 

(4)  MAX-SFC-WND  -  The  maximum  surface 
wind  (knots)  is  an  estimate  made  by  the  ARWO 
based  on  sea  state.  This  observation  is 
limited  to  the  region  of  the  flight  path,  and 
may  not  be  representative  of  the  entire 
cyclone.  Availability  of  data  is  also  depenr 
dent  upon  the  absence  of  undercast  conditions 
and  the  presence  of  adequate  illumination. 

The  Positions  of  the  maximum  flight  level 
wind  and  the  maximum  observed  surface  wind  do 
not  necessarily  coincide. 

(5)  MAX-FLT-LVL-WND  -  Wind  speed 
(knots)  at  flight  level  is  measured  by  the 
AN/APN  147  doppler  radar  system  aboard  the 
WC-130  aircraft,  values  entered  in  this 
category  represent  the  maximum  wind  measured 
prior  to  obtaining  a  scheduled  fix.  This 
measurement  may  not  represent  the  maximum 
flight  level  wind  associated  with  the  tropi¬ 
cal  cyclone  because  the  aircraft  only  samples 
those  portions  of  the  tropical  cyclone  along 
the  flight  path.  In  many  instances  the 
flight  path  may  be  through  the  weak  sector  of 
the  cyclone.  In  areas  of  heavy  rainfall,  the 
doppler  radar  may  track  energy  reflected  from 
precipitation  rather  than  from  the  sea  sur¬ 
face;  thus  preventing  accurate  wind  speed 
measurement.  In  obvious  cases  such  erroneous 
wind  data  will  not  be  reported.  In  addition, 
the  doppler  radar  system  on  the  WC-130  re¬ 
stricts  wind  measurements  to  drift  angles 
less  than  or  equal  to  27  degrees  if  the  wind 
is  normal  to  the  aircraft  heading. 

(6)  ACCRY  -  Fix  position  accuracy. 
Both  navigational  (OMEGA  and  LORAN)  and 
meteorological  (by  the  ARWO)  estimates  are 
given  in  nautical  miles. 

(7)  EYE  SHAPE  -  Geometrical  repre¬ 
sentation  of  the  eye  based  on  the  aircraft 
radar  presentation.  Reported  only  if  center 
is  50%  or  more  surrounded  by  wall  cloud. 

(8)  EYE  DIAM/ORIENTATION  -  Diameter 
of  the  eye  in  nautical  miles.  In  case  of 
elliptical  eye,  the  orientation  describes 
the  nautical  mile  lengths  of  the  major  and 
minor  axes. 
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CHAPTER  III  -  SUMMARY  OF  TROPICAL  CYCLONES 


1.  WESTERN  NORTH  PACIFIC  TROPICAL  CYCLONES 

During  1978,  the  western  North  Pacific 
experienced  a  near-climatological  average 
with  a  total  of  32  cyclones  (Table  3-1; 
cyclones  10  and  30  occurred  in  the  central 
North  Pacific  area) »  FoUr,  significant 
tropical  cyclones  never  developed  beyond 
tropical  depression  (TD)  stage.  Of  the  2'^ 
that  became  tropical  storms  (TS)  ,  15  deve¬ 
loped  to  typhoon  (TY)  stage  only  one  of 
which  reached  the  130  kt  (67  m/sec)  inten¬ 
sity  necessasry  to  be  classified  as  a  super 
typhoon  (ST) . 

Even  though  the  1978  season  had  a  near 
-average  number  of  cyclones  (Tables  3-2  and 
3-3) ,  it  was  a  season  full  of  surprises. 

Ten  of  the  tropical  storms  and  typhoons 
exhibited  erratic  movement.  Typhoon  Carmen 
remained  quasi-stationary  for  three  days  over 
the  East  China  Sea.  Typhoon  Paye  executed 
a  large  anticyclonic  loop  and  subsequently 
underwent  explosive  deepening  as  the  surface 
central  pressure  fell  18  mb  in  six  hours. 

The  most  ill-behaved  typhoon  of  the  season, 
Trix,  truly  lived  up  to  her  name.  As 
Tropical  Storm  Kit  crossed  Luzon,  the  sur¬ 
face  circulation  dissipated  while  the  mid- 
and  upper-level  circulations  continued 
across  and  eventually  became  aligned  with  a 
secondary  or  "lee-side"  low  that  had  formed 


west  of  Luzon.  Tropical  Storms  Hester  and 
Phyllis  attained  post-recurvature  speeds  of 
40  kt  (74  km/hr)  and  50  kt  (93  km/hr) , 
respectively,  in  extratropical  transition. 
Typhoons  Virginia  and  Mamie  were  unusually 
compact  and  could,  thus,  be  termed  midget 
typhoons,  Virginia  also  traveled  the  far¬ 
thest  north  (47N)  while  retaining  tropical 
characteristics.  Having  first  been  detected 
in  the  central  Pacific  near  175W,  Super 
Typhoon  Rita  traveled  a  record  distance  for 
the  season  (4142  nm  (7671  km)),  and  was 
second  overall  only  to  Typhoon  Sarah  of  1976 
(4499  nm  (8332  km) ) . 


During  1978,  32  Tropical  Cyclone  For¬ 
mation  Alerts  were  issued.  Of  these,  27 
(84%)  developed  into  significant  tropical 
cyclones  (Table  3—4) .  Five  tropical  cyclones 
were  immediately  placed  into  warning  status 
without  first  issuing  Formation  Alerts  due 
to  their  rapid  development. 


During  1978,  there  were  715  warnings 
issued  for  the  WESTPAC  region  with  a  total 
of  131  "warning  days"  (Table  3-5) .  On  46  of 
these  131  days,  two  or  more  cyclones  existed 
and  on  16  days  three  cyclones  were  in  exis¬ 
tence. 


TABLE  3-1. 


WESTERN  NORTH  PACIFIC 


1978  SIGNIFICfitfr  TROPICAL  CXCICNEB 


CALBMDER 

MAX 

MIN 

DAYS  CF 

SFC 

ces 

NO.  CF  WARNINGS 

DISTANCE 

CYOjCNE 

TYPE 

NAMC 

PRD  OF  VPV5NING 

WARNING 

WIND 

SLP 

TOTAL 

AS  TY 

TRAVELLED 

01 

TS 

NADINE 

08  JAN-13  JAN 

6 

60 

973 

21 

1340 

02 

TY 

OLIVE 

18  APR-26  APR 

9 

85 

955 

36 

14 

2669 

03 

TS 

POLLY 

16  JUN-20  JUN 

5 

50 

985 

16 

788 

04 

TS 

ROSE 

23  JUN-24  JUN 

2 

40 

993 

7 

05 

TS 

SHIRI^Y 

30  JlN-30  JUN 

L 

35 

990 

3 

lui. 

06 

TY 

TRIX 

13  JUL-22  JUL 

10 

70 

967 

38 

9 

2326 

07 

TY 

VIRGINIA 

23  JUL-02  AU3 

11 

70 

972 

43 

31 

2052 

08 

TY 

WQIDY 

24  JUD-03  AUG 

11 

80 

962 

42 

27 

1372 

09 

TS 

AGNES 

24  JUL-30  JUL 

7 

50 

985 

22 

667 

11 

TS 

BONNIE 

10  AUG-12  AUG 

3 

40 

984 

9 

481 

12 

TY 

CARMEN 

11  AUG-20  AUG 

10 

80 

961 

37 

16 

2076 

13 

TS 

DELLA 

11  AUG-13  AUG 

3 

45 

984 

10 

774 

14 

TD 

TO-14 

19  AUG-20  AUG 

2 

30 

991 

6 

556 

15 

TY 

ELAINE 

23  AUG-28  AUG 

6 

65 

974 

20 

1036 

16 

TY 

FAYE 

28  AUG-07  SEP 

11 

105 

936 

44 

17 

2127 

17 

TS 

GLORIA 

29  AUG-01  SEP 

4 

40 

990 

12 

553 

18 

TS 

HESTER 

30  AUG-01  SEP 

3 

50 

987 

U 

851 

19 

TY 

IRMA 

12  SEP-15  SEP 

4 

65 

972 

15 

3 

854 

20 

TY 

JUDY 

13  SEP-17  SEP 

5 

90 

950 

18 

10 

1296 

21 

TS 

Kxr 

21  SEP-26  SEP 

6 

50 

992 

21 

1382 

22 

TY 

LOLA 

24  SEP-03  OCT 

10 

75 

963 

35 

13 

1672 

23 

TY 

MAMIE 

30  SEP-04  OCT 

5 

70 

963 

19 

3 

1578 

24 

TS 

NINA 

08  OCr-17  OCT 

10 

60 

981 

37 

1299 

25 

TY 

ORA 

10  OCT-15  OCT 

6 

85 

944 

22 

7 

1370 

26 

TD 

ro-26 

11  OCT-12  OCT 

2 

30 

998 

7 

519 

27 

TD 

'ID-27 

15  CCT-16  OCT 

2 

20 

1003 

6 

155 

28 

TY 

PHYLLIS 

15  0CT^22  OCT 

8 

95 

953 

30 

17 

1687 

29 

ST 

RITA 

17  OCI^30  OCT 

14 

155 

878 

51 

34 

4142 

31 

TS 

TESS 

01  NCV-07  NOV 

7 

60 

975 

22 

1346 

32 

TD 

TD-32 

17  NOV-20  NOV 

4 

25 

1002 

12 

296 

33 

’ty 

VIOLA 

17  NOV-24  NOV 

8 

125 

911 

29 

15 

2042 

34 

TS 

WINNIE 

27  NOV-30  NOV 

4 

55 

977 

14 

1287 

1978  TOTALS 

131** 

715 

216 

**  OVERLAPPING  DAYS  INCLUDED  ONLY  ONCE  IN  SUM 
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TABLE  3-4, 

FORMATION  ALERT  SUMMARY 

NUMBER 

OF 

ALERT 

WESTERN  NORTH  PACIFIC 

ALERT  SYSTEMS  TOTAL 

WHI-CH  BECAME  NUMBERED 

NUMBERED  TROPICAL 

DEVELOPMENT 

YEAR 

SYSTEMS 

TROPICAL  CYCLONES 

CYCLONES 

RATE 

1972 

41 

29 

32 

in 

1973 

26 

22 

23 

1974 

35 

30 

36 

86% 

1975 

34 

25 

25 

74% 

1976 

34 

25 

25 

74% 

1977 

26 

20 

21 

77% 

1978 

32 

27 

32 

84% 

MONTHLY  DISTRIBUTION 

J  F 

FORMATION  ALERTS  1  0 

MAMJJASO 
0  1  0  4  3  7  5  8 

N  D 

3  0 

TABLE  3—5,  WARNING  SUI^IARY 


1978 

AVERAGE 

1959-1977 

TOTAL  NUMBER  CF 
.VC®NINGS 

715 

669 

NUVBER  OF  WARNING 

DAYS 

131 

141 

NUMBER  OF  WARNING  DAYS 

WITH  2  OR  MORE  CYCLCNES 

46 

46 

NUMBER  CP  WARNING  DAYS 

WITH  3  CF  MORE  CYOXlNES 

16 

9 

TROPICAL  DEPRESSICNS 

4 

5 

TROPICAL  STORMS 

13 

11 

TYPHOONS 

15 

19 

TOTAL  TROPICAL  CJYCtaJES 

32 

35 

JT  WC 
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LEGEND 


C  POSITION  AT  XX/OOOOZ 
-  TYPHOON 

j _ - TROPICAL  STORM 

^  •••  TROPICAL  DEPRESSION 

^  OOO  TROPICAL  DISTURBANCE 
*  EXTRATROPiCAL 

***  DISSIPATING  STAGE 
^  FIRST  WARNING  ISSUED 
^  LAST  WARNING  ISSUED 


PACIFIC  AREA  TROPICAL  DEPRESSIONS 

TD-14 

19  AUG  - 

20  AUG 

TD-26 

11  OCT  - 

12  OCT 

TD-27 

15  OCT  - 

16  OCT 

TD-32 

17  NOV  - 

19  NOV 

an 


^AJURO 


DAriCir  AREA  TDOPir  Al 

CmDMC 

NADINE 

08  JAN 

13  JAN 

POLLY 

16JUN 

20JUN 

ROSE 

23JUN 

24JUN 

NADINE 


LEGEND 

C  POSITION  AT  XX/OOOOZ 

-  TYPHOON 

- TROPICAL  STORM 

•  ••  TROPICAL  DEPRESSION 
OOO  TROPICAL  DISTURBANCE 
EXTRATROPICAL 
***  DISSIPATING  STAGE 
if  FIRST  WARNING  ISSUED 
if  LAST  WARNING  ISSUED 


WAKE  / 


TS  NAD 


PACIFIC  AREA 

TROPICAL  STORMS 

SHIRLEY 

30 

JUN  - 

30  JUN 

AGNES 

24 

JUL  - 

30  JUL 

BONNIE 

10 

AUG  - 

12  AUG 

DELLA 

11 

AUG  - 

13  AUG 

GLORIA 

29 

AUG  - 

01  SEPT 

LEGEND 

C  POSITION  AT  XX/OOOOZ 

-  TYPHOON 

- TROPICAL  STORM 

•••  TROPICAL  DEPRESSION 
OOO  TROPICAL  DISTURBANCE 

extratropical 

***  DISSIPATING  STAGE 
-A-  FIRST  WARNING  ISSUED 
LAST  WARNING  ISSUED 


« 

high: 

IMA.  ,  .. 


PACIFIC  AREA  TROPICAL  STORMS 


HESTER 


30  AUG 


01  SEPT 


LEGEND 

C  POSITION  AT  XX/OOOOZ 

-  TYPHOON 

- TROPICAL  STORM 

•••  TROPICAL  DEPRESSION 

OOO  TROPICAl  DISTURBANCE 

EXTRATROPICAL 
***  DISSIPATING  STAGE 
3C9 —  if  FIRST  WARNING  ISSUED 

LAST  WARNING  ISSUED 


PACIFIC  AREA  TROPICAL  STORMS 


21  SEPT 


26  SEPT 


5"  9^- 'v>.  J  95“  '  \  100*  105’  110°  11! 
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•  ' . f  ^ . -  TYPHOON 

J  .  k,  1  .  .  .  - TROPICAL  STORM 


•••  TROPICAL  DEPRESSION 
OOO  TROPICAL  DISTURBANCE  - 

-  TRACK  UNCERTAIN 

❖  EXTRATROPICAL  L 

***  DISSIPATING  STAGE  (-■ 

^  FIRST  WARNING  ISSUED  L 
^  LAST  WARNING  ISSUED 


.  TS  .  i  •  J  Y/ 

NINAii5°  I 

.''2aY 


.  ..  .  \is 

H — hc-+— 12^''^ 


PACIFIC  AREA  TROPICAL  STORMS 

NINA 

08  OCT 

-  17  OCT 

TESS 

01  NOV 

-  07  NOV 

WINNIE 

27  NOV 

-  30  NOV 

06  / 

N/' 


TS.mNNIE 
+34  _ 


LEGEND 


I  :°*V:  t/''^ 


125” 

T 


C  POSITION  AT  XX/OOOOZ 

+  -  TYPHOON 

130” - TROPICAL  STORM 

•••  TBOPICAL  nPPRESSION 

556  TROPiCAL  dFsTURBANCE 

EXTRATROPICAL 
'  ***  DISSIPATING  STAGE 

■4-  FIRST  WARNING  ISSUED 

LAST  WARNING  ISSUED 


150”  155” 

■  T  ■  ■  ■  ■  T  ■ 


^  08/OOZ.  /P7 

I  •  •  *** _ I _ I _ I _ _ L 


NINA  .  ‘Nj 


■m. 


01/182, 


V— 28 

V 

TSTESS  V: 

^1  ■ 


L27/06Z 


ENEWETAK 

H — nd^i — 


l.s 

•  A>%.^ 


TS  WINNIE 

+34i 


!30° 


PACIFIC  AREA  TYPHOONS 


135' 


140' 


150 


PACIFIC  AREA  TYPHOON 

LOLA  24  SEPT  -  03  OCT 


125' 


3Q' 


35 


TYPHOON  OLIVE 


Early  April  1978  saw  the  near-equatorial 
trough  (NET)  slowly  shift  northward  and  be¬ 
come  more  active  as  the  sun  made  its  seasonal 
progression  toward  summer  solstice.  Within 
the  NET,  a  surface  circulation  was  first  ana¬ 
lyzed  on  the  11th  at  1200Z  near  05N-155E  and 
initially  meandered  southward  then  westward 
at  approximately  8  kt  (15  km/hr)  over  the 
next  four  days.  This  circulation  eventually 
developed  into  the  first  typhoon  of  the  year, 
Olive . 


Anticyclonic  outflow  at  the  200  mb  level 
was  first  noted  in  the  vicinity  over  the  sur¬ 
face  circulation  at  131200Z.  Although  weak, 
this  outflow  persisted  for  the  next  two  days. 
By  the  16th,  satellite  imagery  and  synoptic 
data  indicated  increased  organization.  A 
formation  alert  was  issued  at  160600Z  and 
extended  for  another  24  hours  at  170600Z  as 
aircraft  and  satellite  data  confirmed  that 
development  was  slower  than  expected. 

Based  on  satellite  and  synoptic  data,  the 
first  warning  on  Tropical  Depression  02  was 
issued  at  180000Z.  A  subsequent  aircraft 
fix  at  180252Z  found  a  central  pressure  of 
1001  mb  and  estimated  the  maximum  surface 
winds  to  be  30-35  kt  (15-18  m/sec). 


The  mid-tropospheric  subtropical  ridge 
was,  well  established  at  this  time  with  the 
east-west  axis  varying  between  17-20N.  This 
resulted  in  the  cyclone,  once  organized, 
tracking  west-northwest  at- speeds  faster  than 
climatology.  Satellite  data  indicated  good 
outflow  aloft  with  continuous  intensification 
resulting.  The  intensification  noted  in  the 
24  hours  prior  to  landfall  was  in  good  agree¬ 
ment  with  climatology.  TD-02  was  upgraded  to 


Tropical  Storm  Olive  passed  through  the  Leyte 
Gulf  with  maximum  sustained  winds  of  60  kt 
(31  m/sec) . 


While  crossing  the  central  Philippine 
Islands,  Olive  continued  her  13  kt  (24  km/hr) 
speed  but  weakened  to  45  kt  (23  m/sec)  inten¬ 
sity.  Upper  level  outflow  remained  good 
during  the  transit  and  Olive  exited  intact 
into  the  South  China  Sea  after  201800Z^  The 
combination  of  good  outflow  aloft  and  warm 
water  in  the  South  China  Sea  caused  Olive  to 
reintensify  and  reach  typhoon  intensity  at 
2206002.  The  storm  recurved  through  a  break 
in  the  subtropical  ridge  along  113E  that  had 
been  forming  since  7200002.  Figure  3-1 
shows  the  three-hourly  surface  reports  from 
the  Paracel  Islands  (WMO  59981)  when  Olive 
passed  nearby.  A  maximum  intensity  of  85  kt 
(44  m/sec)  was  reached  12  hours  before  re¬ 
curvature  and  continued  until  the  24th  at 
1200Z. 


The  recurvature  was  quite  sharp  due  to 
strong,  deep  westerly  upper-air  flow  in  the 
latitudes  of  20-30N.  Figure  3-2  shows  the 
cirrus  outflow  to  the  north  and  northeast  of 
Olive  being  affected  by  the  strong  westerlies. 
After  recurvature,  Olive  accelerated  out  to 
the  east-northeast,  staying  approximately 
180  nm  (330  km)  south  of  the  maximum  wind 
zone.  Gradual  weakening  occurred  after  re¬ 
curvature  as  cooler,  drier  air  was  ingested 
into  the  storm  with  Olive  finally  becoming 
extratropical  over  cooler  waters  at  1800Z  on 
the  26th  of  April. 

Post-analysis  showed  that  numbered 
warnings  should  have  begun  near  170000Z. 
Although  the  system  was  not  fully  defined  at 
this  time  and  difficult  to  pinpoint  on  sat¬ 
ellite  data,  enough  information  was  available 
to  predict  storm  force  winds  were  possible 
within  48  hours.  Recurvature  was  considered 
probable  early  in  Olive's  life  and  discussed 
on  prognostic  reasoning  messages.  However, 
the  recurvature  track  was  much  sharper  than 
initially  forecast.  More  emphasis  should 
have  been  placed  on  the  depth  and  strength  of 
the  westerlies  north  of  the  narrow^  subtro¬ 
pical  ridge  and  tracks  of  previous  April 
cyclones  (analogs)  should  have  been  studied 
closely. 


FIGURE  3-2.  Jn^AM-ed  images  Typhoon  Otivz  at 
mvconum  tnte.n6.ity  85  kt  {44  m/6ec\  duAtng  AeciiA- 
oatuKe,  23  Ap^  1978,  115SZ.  {NOAA-5  tmageAy] 
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TYPHOON  TRIX 


TJTiX/  1978 *s  sscon^  typhoori/  ws.s  s 
difficult  tropical  cyclone  to  forecast  due 
to  an  unusual  track  which  included  a  four 
day,  700  nm  (1300  km)  perimeter,  cyclonic 
loop.  The  degree  of  difficulty  was 
reflected  in  warning  statistics  such  as: 
eleven  warning  relocations,  two  warning 
amendments,  and  an  average  24  hour  forecast 
error  of  174  nm  (322  km). 

Trix  originated  from  a  wave  in  the  east¬ 
erlies  which  became  significant  along  148E 
from  10N-25N  on  the  10th  of  July.  A  day 
later,  a  surface  circulation  was  noted  with¬ 
in  the  wave  550  nm  (1000  km)  northeast  of 
Guam.  Over  the  next  48  hours,  the  wave 
drifted  northv/est  at  05-07  kt  (09-13  km/hr) 
and  moved  under  an  area  of  diffluence  caused 
by  a  tropical  upper  tropospheric  trough 
(TUTT)  to  the  west.  Potential  for  develop¬ 
ment  being  excellent,  a  formation  alert  was 
issued  at  0600Z  on  the  12th. 


The  first  aircraft  reconnaissance  flight 


*»  +-y“\  ^ 


lation  with  a  circular  area  of  calm  winds, 

100  nm  (185  km)  in  diameter.  Based  on  this 
130407Z  information  and  continued  outflow 
aloft  possible,  the  first  warning  was  issued 
at  130600Z  on  Tropical  Depression  06  (TD  06) . 


Over  the  next  18  hours,  TD  06  moved  west 
at  approximately  10  kt  (18  km/hr) ,  Subse¬ 
quent  aircraft  reconnaissance  observed  the 
minimum  sea  level  pressure  continuing  to 
decrease;  tropical  storm  intensity  was 
reached  on  the  14th  at  OOOOZ, 


Metsat  data  at  142220Z  (Fig.  3-3)  showed 
Trix  to  be  a  very  compact  tropical  storm  with 
outflow  only  three  degrees  in  diameter. 

Midget  storms  have  been  reviewed  in  the  lit¬ 
erature  and  been  found  to  exhibit  erratic 
intensity  trends  and  Trix  held  true  to  form. 
Figure  3-4  shows  the  diurnal  variation  of  the 
sea  level  pressure  as  observed  by  dropsonde. 


maximum  sustained  surface  winds  as  estimated 
from  aircraft  reconnaissance  and  those  ob¬ 
tained  from  an  empirically  derived  JTWC  for¬ 
mula: 


Vmax  =  6.7(1010.  -  MSLP)exp  0.644 


fJGURE  3-3  .  Inifia/Lid  .onage  0(5  TjUx  cut  fyLoplaat 
itoHm  ,  14  Jaty  197S,  22202.  The 

cZoudine&i  oveA  Guam  -in  the  deep  eonveAgent  iouth- 
weit  {Zow  ti  qmLte  a  dcitanee  {Aom  TaCk,  itgnt^ytng 
the  toAge  extent  the  eyctontc  ctAculatton  tn 
uihteh  TAtx  tuxA  embedded.  (VMSP  tmageAy} 


FIGURE  3-4  .  Ttme  cAoa  iectton  0|5  TAtx'-&  mirUmum  ^ea  level  pAe&iuAe. 
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These  differences  may  be  due  to  larger  gust 
spreads  in  compact  storms  which  may  give  the 
appearance  of  stronger  maximum  surface  winds 
than  were  actually  present. 

In  addition  to  erratic  intensity  trends, 
Trix's  track  was  quite  extraordinary.  On  the 
15th  at  OOOOZ,  a  large  cyclonic  circulation 
dominated  the  mid-tropospheric  flow  in  the 
western  Pacific  between  13N  and  23N.  Trix, 
embedded  in  this  large  circulation,  made  a 
large  cyclonic  loop  along  the  periphery. 

During  this  loop,  Trix  traveled  approximately 
700  nm  (1300  km)  in  four  days.  Trix  contin¬ 
ued  intensifying  while  looping  and  typhoon 
intensity  was  attained  on  the  16th  at  OOOOZ. 

The  Aerial  Reconnaissance  Weather  Officer 
(ARWO)  reported  on  his  post-mission  report 
for  the  160326Z  fix  that  "the  storm  had  all 
the  typical  parameters  of  a  typhoon  but  on  a 
miniature  scale."  Figure  3-5  shows  Trix 
still  compact,  even  as  a  typhoon. 

A  large,  subtropical  high  pressure  center 
began  building  near  40N-170W  at  OOOOZ  on  the 


I9th.  This  feature  finally  provided  the 
necessary  strong  easterlies  to  break  Trix  out 
of  her  loop  by  0600Z  on  the  19th.  Prior  to 
this  change  in  track,  Trix  had  weakened  again 
to  tropical  storm  strength  (on  the  18th  at 
1200Z) . 

The  subtropical  ridge  continued  build¬ 
ing  westward  over  Japan  steering  Trix  west¬ 
ward  by  1200Z  on  the  20th.  This  was  the 
final,  significant  change  in  track.  Trix 
meandered  westward  thereafter  and  made  land¬ 
fall  on ■ the  east  coast  of  China  near  Linhai. 

The  211800Z,  official  warning  indicated 
downgrading  of  Trix  to  tropical  depression 
stage  with  maximum  sustained  winds  of  30  kt 
(15  m/sec)  as  satellite  and  aircraft  recon¬ 
naissance  data  showed  a  weakening  trend. 
However,  post-analysis  of  synoptic  data  re- 
cieved  after-the-fact  revealed  that  Trix 
maintained  minimal  tropical  storm  intensity 
and  reached  a  secondary  maximum  intensity 
just  prior  to  landfall.  The  aircraft  no-fly 
-line  prohibited  aircraft  reconnaissance 
from  observing  this  secondary  maxima. 


FIGURE  3-5  .  Ini/LaAe.d  image  T/Ux  ai  typhoon 
tntemity,  itiZt  veAy  compacX,  and  em¬ 

bedded  in  the.  toiget  cxAcufotcon,  H  July 
0)011.  {VMS?  ImageAy]. 


28 


TYPHOON  VIRGINIA 


Virginia  developed  during  July  as  the 
third  typhoon  of  the  1978  season.  Virginia 
was  relatively  small  compared  to  the  much 
larger  Typhoon  Wendy  which  developed  simul¬ 
taneously  to  the  west.  Except  for  an  unex- 

•i. ^.4  1  t7^  t.rae  aVi  1  A 

Jjev-ccw.  X'JWp/  VXJ.VJX1>X«  TVWt^ 

as  an  uncomplicated,  broad  recurvature  track. 
However,  higher  than  average  forecast  errors 
resulted  due  to  the  difficult  forecasting 
situations  produced  by  complex  interactions 
with  the  nearby  Typhoon  Wendy  and  the  Tro¬ 
pical  Upper  Tropospheric  Trough  (TUTT) . 


Virginia  first  appeared  as  a  small  tro¬ 
pical  disturbance  on  satellite  imagery  on  21 
July.  This  disturbance  was  believed  to  be 
associated  with  a  low-level  convergence  zone 
feeding  into  a  much  larger  disturbance  which 
was  developing  over  the  Philippine  Sea. 

There  were  no  nearby  land/ship  reports  to 
indicate  any  evidence  of  a  surface  circu¬ 
lation  at  this  time.  Therefore,  this  dis¬ 
turbance  was  discussed  in  the  Significant 
Tropical  Weather  Advisory  (ABEH  PGTW)  as 
having  poor  potential  for  development  during 
the  advisory  period.  On  the  23rd,  a  weather 
reconnaissance  aircraft  was  first  sent  to 
investigate  the  larger  disturbance  (then 
estimated  at  30  kt  (15  m/sec)  intensity)  and 
was  later  sent  east  into  the  smaller  dis¬ 
turbance.  The  aircraft  penetrated  the  smal¬ 
ler  disturbance  and  found  an  unexpected, 
well-developed  circulation.  Aircraft  radar 
showed  a  well-defined  40  nm  (74  km)  diameter 
eye  and  the  weather  officer  estimated  surface 
gusts  at  55  kt  (28  m/sec) .  The  first  tropi¬ 
cal  cyclone  warning  was  immediately  issued  on 
TS  Virginia  at  230600Z.  Post  analysis  showed 
tropical  storm  stage  was  reached  6  to  12 
hours  before  the  first  warning.  However,  the 
lack  of  significant  data  and  Virginia's  un¬ 
usually  small  cloud  signature  on  satellite 
imagery  delayed  earlier  interpretation  of 
Virginia  as  a  significant  tropical  cyclone. 


about  Wendy.  Virginia  did  travel  as  predict¬ 
ed  for  the  first  four  days,  but  the  speed  of 
movement  was  slower  than  expected.  During 
the  next  two  days,  Wendy  moved  northwestward 
away  from  Virginia  and  interaction  between 
stoinns  iDscsjns  Xsss  notxcsslDXSa 
Virginia  continued  to  decrease  in  speed  of 
movement  and  then  executed  a  loop;  Wendy  and 
Virginia  were  separated  by  over  800  nm  (1482 
km)  during  the  loop. 

Macro-scale  feature4  over  the  western 
North  Pacific  at  this  time  included  a  TUTT. 
The  TUTT  was  initially  situated  between 
Virginia  and  Japan.  Analysis  of  all  data 
sources,  including  satellite-derived  winds, 
indicated  the  TUTT  extended  southward  along 
Virginia's  western  side  during  the  loop. 

This  caused  inconsistent  steering  flow  with 
height,  contributing  to  Virginia's  lack  of 
significant  forward  movement.  Virginia's 
maximum  intensity  of  70  kt  (36  m/sec)  was 
attained  during  this  period  (Fig.  3-7) . 

Virginia  slowly  weakened  after  the  loop 
as  the  TUTT  axis  became  situated  just  west  of 
Virginia  and  restricted  upper- level  outflow 
to  the  west.  Virginia  also  began  moving  to¬ 
ward  recurvature  by  traveling  aroimd  the 
western  periphery  of  a  large  subtropical 
anticyclone.  Virginia's  recurvature  was 
also  believed  to  be  partially  aided  by  the 
TUTT,  which  provided  southerly  upper-level 
steering  flow.  Virginia  remained  just  east 
of  the  TUTT  axis  throughout  recurvature. 

Virginia  produced  no  known  damage.  Even 
though  Virginia  passed  within  80  nm  (148  km) 
of  Japan,  only  20  kt  (10  ra/sec)  maximum  sur¬ 
face  winds  were  reported  along  the  east  coast 
of  Honshu.  Besides  Virginia's  small  size, 
the  winds  were  always  weaker  on  the  west  side 
due  to  the  TUTT  axis  being  so  close  to  the 
storm. 


vxxyxAixci  ajiu  ^ 

neously  (Fig.  3-6).  Because  Wendy's  circula¬ 
tion  was  so  much  larger,  Virginia  was  expect¬ 
ed  to  travel  in  a  counter-clockwise  direction 


Virginia  holds  the  1978  record  for  a 
tropical  cyclone  tracking  the  farthest  north 
(47N)  before  losing  its  tropical  characteris¬ 
tics  . 


FIGURE  3-6  .  EanZy  itagu  Typhoon^  W&ndy 
and  ViAg-inia  [Aighi) ,  26  JuZy  197&,  07332,  ('PMSP 
onogcAyl 


FIGURE  3-7.  Typhoon  Vinginia  at  maximum  tnteni-ity 
0(5  70  kt  136  m/4£c)  whiZz  undeAgotng  itAong  TUTT 
tnteAactton,  2S  July  197S,  21411.  (PMSP  ImgiAy) 
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TYPHOON  WENDY 


Wendy,  the  fourth  typhoon  of  1978, 
developed  in  a  well-established  monsoon 
trough.  The  trough,  which  had  existed  for 
seven  to  ten  days  prior  to  significant  tro¬ 
pical  cyclone  development,  laid  over  WESTPAC 
from  07N  at  the  Dateline  west-northwest  over 
the  Mariana  Islands  to  the  Luzon  Straits. 

By  1200Z  on  the  22nd  of  July,  two  weak  sur¬ 
face  circulations  were  evident  in  the  trough, 
one  centered  at  19.8N-138.2E  which  eventually 
became  Wendy  and  the  other  at  14.5N-151.4E 
(Virginia) .  With  the  Tropical  Upper  Tropo¬ 
spheric  Trough  (TUTT)  lying  just  to  the  north 
of  the  surface  trough,  the  dynamics  for  sig¬ 
nificant  tropical  cyclone  development  were 
present . 

Increased  organization  on  the  22nd 
prompted  the  initial  reconnaissance  air¬ 
craft  launch  at  2130Z.  The  ARWO  observed 
25-30  kt  (13-15  m/sec)  surface  winds,  but 
could  not  locsto  3.  dofinsbls  5U2rt3C0  clxcu” 
lation  center.  Based  on  this  aircraft  data 
and  the  good  potential  for  increased  deve¬ 
lopment  a  formation  alert  was  issued  at 
230456Z  for  an  area  660  nra  (1222  km)  north¬ 
west  of  Guam.  The  tropical  cyclone  deve¬ 
loped  rapidly  thereafter;  it  reached  tro¬ 
pical  storm  intensity  near  231800Z  (Fig. 

3-8)  and  obtained  typhoon  strength  by 
1800Z  on  the  25th. 

Wendy  meandered  westward  from  the  23rd 
till  the  25th  when  a  break  developed  in  the 
subtropical  ridge  with  the  high  center,  north¬ 
east  of  Wendy,  dominating  and  building.  In 
response  to  stronger,  mid-level  southeaster- 
lies,  Wendy  accelerated  northwestward.  Wendy 
slowly  reached  her  maximum  intensity  of  80  kt 
(41  m/sec)  during  this  time  and  maintained  it 
for  24  hours  before  she  began  a  slow  weaken¬ 
ing  trend  after  passing  over  the  Ryukyu 
Islands.  A  marked  decrease  in  low-level  in¬ 
flow  and  convection  near  the  center  appeared 
to  have  affected  Wendy's  development  at  this 
pointy. 

/ 

Wendy  stalled  again  in  the  central  East 
Chln3  Ssd/  180  niu  (333  kiu)  03st“souths3st 
of  Shanghai,  when  steering  currents  weakened. 
The  cooler  and  drier  environment,  the  de¬ 
creased  inflow,  and  finally  the  decrease  in 
outflow  aloft  weakened  Wendy.  Most  storms 
that  stall  in  movement,  intensify;  Wendy 
Weakened. 

Late  on  the  31st,  the  break  in  the  sub¬ 
tropical  ridge  became  more  pronounced  and 
Wendy  began  to  recurve  northeastward  at  8  kt 
(15  km/hr) .  A  succession  of  minor,  mid- level 
troughs  first  forced  Wendy  northward  early  on 
the  2nd  of  August,  then  accelerated  her  north¬ 
eastward. 


The  cooler  environment  and  increased 
frictional  effects  caused  Wendy  to  weaken  and 
lose  tropical  characteristics  by  18Z  on  the 
2nd  after  existing  as  a  significant  tropical 
cyclone  for  10  days. 

Twice  during  Wendy's  existence  (24000 OZ 
to  260000Z  and  300600Z  to  311800Z) ,  she 
slowed  significantly.  The  portions  of  the 
best  track  shown  for  these  periods  are 
among  many  possible  solutions.  With  fix- 
to-fix  movement  near  to  or  less  than  the  fix 
accuracies,  it  was  almost  impossible  to 
determine  if  Wendy  just  slowed  to  1-3  kt 
(2-6  km/hr) ,  underwent  looping,  or  simply 
remained  "quasi-stationary" . 


FIGURE  3-S  .  W2.ndy  cu>  a  young  tnopZcnl  itom,  Z3 
3uJLy  (97S,  2TI7Z,  Tt/ptcof  cAM-culaitioni,  in  the. 
rnomoon  tkough,  mxtmm  CLioudinui  exiiti  tn  the.  deep 
iouthmeAteAtiex  jubt  booth  of,  the  tAough  axt6. 

(0A(SP  tmugeAy] 
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TYPHOON  CARMEN 


The  genesis  of  Typhoon  Carmen  provides 
an  interesting  example  of  the  interaction  of 
two  synoptic  features  in  generating  a  tropi¬ 
cal  cyclone.  These  features  began  inter¬ 
acting  on  7  August  1978.  On  that  day, 

Guam's  surface  winds  shifted  from  easterly 
to  southwesterly  as  the  southwest  monsoon 
surged  well  east  of  its  normal  habitat. 

Metsat  imagery  showed  a  noticeable  upsurge 
in  convective  activity  along  and  to  the 
south  of  the  low  level  monsoon  trough,  the 
axis  of  which  now  extended  from  Southeast 
Asia  across  the  Philippines  and  over  the 
western  North  Pacific  to  near  the  dateline. 

In  Guam's  vicinity,  southwesterly  flow  per¬ 
sisted,  deepened  and  strengthened.  At 
081200Z  Guam's  gradient  level  wind  was  20  kt 
(10  m/sec)  from  the  southwest. 

During  the  same  time  frame,  a  Tropical 
Upper  Tropospheric  Trough  (TUTT)  northwest 
of  Guam  was  deepening  southward.  Satellite 
derived  upper-air  winds  at  081200Z  confirmed 
considerable  divergence  existed  south  and 
east  of  the  TUTT  overlying  the  monsoon 
tJTOu^Ji  just  uojrtli  of  Gucini  snd  dofxnxto  si^ris 
of  tropical  cyclone  organization  were 
appearing.  Six  hours  later,  Guam's  gradient 
wind  had  increased  to  31  kt  (16  m/sec)  out 
of  the  southwest. 

For  the  next  day,  this  upper-level/lower 
-level  interaction  persisted  and  the  devel¬ 
oping  disturbance,  one  of  many  along  the 
monsoon  trough  discussed  in  the  daily  Signi¬ 
ficant  Tropical  Weather  Advisory  (ABEH  PGTW) , 
was  written  as  having  fair  to  good  develop¬ 
ment  potential.  A  formation  alert  was 
issued  at  100156Z  and  two  subsequent  air¬ 
craft  reconnaissance  missions  showed  a  mini¬ 
mum  sea  level  pressure  of  1004  mb  and  25  kt 
(13  m/sec)  estimated  maximum  surface  winds. 
The  surface  center,  however,  was  difficult 
to  fix  and  the  decision  was  to  reissue  the 
alert  at  110134 Z.  Three  hours  later,  how¬ 
ever,  aircraft  data  reported  a  992  mb  central 
pressure.  Subsequently,  the  first  warning 
was  issued  at  110600z  with  40  kt  (21  m/sec) 
intensity.  Meanwhile,  the  activity  in  the 
monsoon  trough  had  also  rapidly  organized  in 
another  area;  Tropical  Storm  Della  was  form¬ 
ing  just  east  of  the  Philippines. 

The  TUTT's  influence  on  Carmen  continued 
beyond  her  early  developmental  stages.  TUTT 
interaction  also  influenced  her  track  and 
affected  her  size  and  intensification  rate. 
Initially,  Carmen's  track  was  expected  to  be 
climatological  since  the  overall  synoptic 
environment  in  which  Carmen  was  situated  was 
typical  of  the  August  climatology.  A  strong, 
mid-tropospheric,  subtropical  ridge  existed 
north  of  her  and  Carmen  was  forecast  to 
follow  a  west-northwest  track.  In  actuality. 
Carmen  moved  erratically  for  one  day  and 
then  accelerated  to  the  north-northwest. 

It  appears  that  upper-level  steering  from 
southeasterlies  east  of  the  TUTT  was  a  major 
influence  on  her  track. 

The  TUTT  also  influenced  Carmen's  devel¬ 
opment  rate.  At  120000Z,  Carmen  was  begin¬ 
ning  to  accelerate  to  the  north-northwest 
with  an  intensity  of  55  kt  (28  m/sec) . 

Three  days  later  she  had  only  intensified  to 


80  kt  (41  m/sec)  -  an  intensification  rate 
which  was  half  of_the  average  rate  for 
August  cyclones.  A  partial  explanation  for 
this  slow  intensification  was  the  fact  that 
Carmen  had  a  faster  than  average  forward 
speed  of  16  kt  (30  km/hr)  during  this  period 
and  also  that  she  was  part  of  a  two  storm 
situation  (Fig.  3-9  ).  However,  it  is 

equally  possible  that  the  TUTT  (still  west 
of  Carmen)  also  had  a  part  in  influencing 
Carmen's  slow  intensification  rate  and  small 
size  by  restricting  upper  level  outflow  in 
her  western  and  southern  quadrants  (Pigs. 

3-9  &  3-10) .  The  200  mb  analyses  indicated 
that  the  TUTT  moved  with  Carmen  and  streng¬ 
thened  from  the  11th  to  the  14th. 


FIGURE  3-9.  In^noA-ed  image,  Typhoon  Ccutmen  {alght] 
and  Tnopleat  Stoam  Vetta  [teit] ,  12  Augiui  191$, 
21341.  (OMSP  imagefuj) 


By  151200Z,  the  TUTT  axis  had  curled  to 
the  south  of  Carmen.  Satellite  imagery  at 
this  time  (Fig.  3-11)  showed  a  more  sym¬ 
metrical  typhoon  but  small  in  areal  extent. 
The  strong  mid-tropospheric  subtropical 
ridge  still  existed  to  the  north  and  Carmen 
was  expected  to  track  westward  into  the 
China  coast.  However,  a  high  pressure  cell 
was  building  ahead  of  Carmen  over  the  Asian 
coast.  By  the  16th,-  Carmen  was  caught  in 
a  weak  steering  flow  between  high  pressure 
cells  to  the  east  and  west  and,  for  three 
days.  Carmen  looped  erratically  and  weak¬ 
ened  in  intensity.  On  the  17th,  a  deve¬ 
loping  short  wave  trough  was  analyzed  over 
the  Asian  mainland  'and  warnings  reflected 


34 


recurvature  toward  Korea.  At  181200Z, 

Carmen  did  begin  to  track  northward  and 
€V0ntu3.Hy  (Ii.5slp^tL0d  ov62r  Koirss#  Dsspits 
Carmen's  erratic  behavior,  24 -hour  fore¬ 
cast  errors  matched  the  average  for  the 
year . 

During  her  lifetime,  Carmen  was  respon¬ 
sible  for  considerable  damage.  Before  dis¬ 
sipating  over  South  Korea,  she  caused  wide¬ 
spread  flooding,  a  reported  21  deaths  and 
$3  million  worth  of  property  damage. 

Saipan,  affected  by  Carmen  in  her  formative 
stage,  reported  flooding  and  property  damage 

w&s  sl  ns'bl.ons.X  disQstsr 

At  maximum  intensity  of  80  kt  (41  m/sec)  on 
August  15,  Carmen  passed  over  Okinawa  about 


FIGURE  3-10.  Rei^cted  appeA-le.veZ  owt^Loui  oveA  CaA- 
aen'i  we^teAn  and  ioutheAn  quachanti,  II  Axigust  197B, 
ZZ43Z.  (OMSP  ^ageA^} 


26  nm  (48  km)  north  of  Kadena  AB  with  little 
damage  to  DoD  facilities. 


The  disturbance  in  the  monsoon  trough 
that  eventually  became  Carmen  was  similar 
to  many  others  that  did  and  did  not  develop. 
And,  of  those  that  did  develop,  many  only 
reached  the  monsoon  depression  stage.  The 
difficulty  in  determining  the  development 
potential  of  these  monsoon  disturbances 
affected  the  timeliness  of  issuance  of  the 
formation  alert  and  initial  warning  on 
Carmen.  Near  perfect  forecasting  to  meet 
ciistornsiT  2rsQui.2r0rn0nts  v/ou.l<i  ^13.V0  sllowcd  tiio 
initial  warning  to  be  issued  48  to  72  hours 
prior  to  the  actual  110600Z  issuance. 


FIGURE  3-1 1.  CaAmen'4  ^matl  oAdol  zxte.nt,  15  AuguAi 
I97S,  I505Z.  [VMSP -bnagzAy) 
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TYPHOON  ELAINE 


The  17th  of  August  1978  saw  the  monsoon 
trough  extending  as  far  east  as  140E  pro¬ 
viding  the  breeding  ground  for  Typhoon 
Elaine.  Synoptic  and  satellite  data  on  the 
18th  indicated  a  tropical  disturbance,  with 
maximum  winds  of  15  kt  (8  m/sec) ,  organizing 
to  the  northeast  of  Palau.  From  the  18th 
through  the  20th,  this  system  was  discussed 
on  the  Significant  Tropical  Weather  Advisory 
(ABEH  PGTW)  with  poor  to  fair  potential  for 
significant- tropical  cyclone  development. 

The  relative  position  of  the  Tropical  Upper 
Tropospheric  Trough  (TUTT),  north  of  the  dis¬ 
turbance  during  this  period,  indicated  sup¬ 
pression  of  upper  level  outflow  in  the  north¬ 
ern  portion  of  the  system.  Issuance  of  a 
Tropical  Cyclone  Formation  Alert  was  delayed 
as  a  result  of  expected  strong  upper-level 
.directional  shear.  The  adviso_r.ies  on  the 
21st  and  thie  22nd  carried  fair  to  good  poten¬ 
tial;  however,  based  on  sparse  synoptic  data 
and  little  organization  evident  on  the  satel¬ 
lite  data,  the  system  was  still  thought  to  be 
in  the  formative  stage.  The  initial  warning 
was  issued  at  230600Z  by  which  time  increased 
organization  and  banding  features  were  indi¬ 
cated  On  satellite  imagery.  Post  analysis 
indicated  the  system  was  a  tropicaldepres- 
sion  36  hours  prior  to  this  time. 


By  240000Z,  the  mid-tropospheric  ridge 
provided  more  definitive  east-northeast 
steering  flow  across  northern  Luzon  resulting 
in  Elaine's  southwest  track,  contrary  to  a 
favored  climatological  track  to  the  west- 
northwest.  Climatological  studies  also  indi¬ 
cate  weakening  during  passage  over  Luzon. 
Based  on  synoptic  data,  however,  Elaine  con¬ 
tinued  to  intensify  and  was  upgraded  to  a 
tropical  storm  at  2400007.  while  still  oyer 
land  170  nm  (315  km)  north  of  Manila.  Heavy 
storm  damage  was  reported  in  northern  Luzon. 


As  Elaine  exited  Luzon  into  the  South 
China  Sea,  her  associated  cloud  pattern 
lacked  sufficient  organizajtion  for  optimiim 
satellite  (Fig.  3-12)  and  radar  fixes;  air¬ 
craft  reconnaissance  at  low  flight  levels 
(restricted  at  times  by  terrain)  was  heavily 
relied  on  for  definitive  surface  center 
fixes.  During  this  same  period,  24  -  25 
August  1978,  Elaine  was  caught  between 


northeast  flow.  As  a  result,  Elaine  looped 
twice  and  forecast  errors  increased 
considerably . 


After  completing  the  second  loop,  Elaine 
accelerated  to  the  northwest  in  response  to 
the  mid-tropospheric  ridge  axis ’  northward 
migration.  A  weakness  in  this  ridge  was 
apparent  on  the  26th  and  developed  northeast 
of  Vietnam  due  to  a  raid-latitude  short  wave. 
By  the  27th  this  short  wave  trough  was  within 
10  degrees  of  Elaine  and  a  noticeable  north¬ 
ward  adjustment  in  her  track  resulted.  The 
closest  point  of  approach  (CPA)  to  Hong  Kong 
occurred  at  2702002  with  Elaine  155  nm  (287 
km)  to  the  southwest. 

At  270300Z,  the  S.S.  Seal  and  Trade  lo¬ 
cated  at  21N-113E  reported  surface  winds  of 
65  kt  (33  m/sec)  and  a  surface  pressure  of 
974  mb.  Based  on  this  ship  report,  Elaine 
was  upgraded  to  typhoon  strength  just  prior 
to  landfall  over  the  southern  coast  of  China 
near  the  Luichow  Peninsula.  Subsequent  to 
landfall,  Elaine  tracked  westward  and  dis¬ 
sipated  rapidly  as  a  result  of  frictional/ 
terrain  effects.  Downgrading  to  tropical 
storm  intensity  occurred  by  271800Z  with  the 

=> +-  OOnAnrifr 


)97S,  ikoiaing  EZalm’i  typ^cxnJi  ^atzZtitz  4/gna-CuA.e 
duAAjig  keA  wwXlz  movement  pa/ujod,  24  -  25  Augait 
797S.  {N0AA~S  -image/Ly] 
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TYPHOON  FAYE 


Typhoon  Faye,  the  seventh  typhoon  of  the 
1978  season,  was  one  of  the  most  interesting, 
but  unfortunately,  also  one  of  the  year's 
most  difficult  typhoons  to  forecast.  Besides 
executing  an  uncommon  anticyclonic  loop 
early  in  her  development,  Faye  also  unexpect¬ 
edly  reintensified  to  typhoon  strength 
shortly  before  becoming  extratropical . 

The  tropical  disturbance  that  was  to  be¬ 
come  Typhoon  Faye  was  first  sighted  southeast 
of  Ponape  at  242142Z,  August  1978  by  satel¬ 
lite  reconnaissance.  The  disturbance  moved 
west-northwest  at  13  kt  (24  km/hr)  and  at 
261200Z  passed  north  of  Truk.  During  this 
period,  200  mb  analyses  showed  a  tropical 
upper  tropospheric  trough  (TUTT)  with  an  im¬ 
bedded  low  northwest  of  the  disturbance. 

This  TUTT  moved  west-northwest  in  conjunction 
with  the  surface  circulation  thereby  keeping 
excellent  upper-level  outflow  in  the  diffluent 
region,  southeast  of  the  TUTT  cell,  over  the 
developing  tropical  disturbance. 

Based  on  an  improved  satellite  signature 
and  on  ship  synoptic  data,  a  Tropical 
Cyclone  Formation  Alert  was  issued  on  the 
disturbance  at  2723342.  Shortly  thereafter, 
a  reconnaissance  aircraft  confirmed  the 
existence  of  a  closed  surface  circulation 
with  a  minimum  sea  level  pressure  of  1000  mb. 

ociDcsia  cxxxi^xcixL.  laa  L.a  ^  xs  u  uxx>cLiix:cr 

was  upgraded  to  Tropical  Depression  16  at 
280000Z  with  max  winds  of  30  kt  (15  m/sec) . 

The  500  mb  subtropical  ridge  axis  was  at 
that  time  oriented  east-west  along  36N. 

At  280600Z,  TD-16  passed  60  nm  (111  km) 
to  the  northeast  of  Guam  and  was  upgraded  to 
Tropical  Storm  Faye  six  hours  later.  During 
the  next  24  hours  the  storm  moved  straight 
north  while  slowly  intensifying.  The  500  mb 
flow  pattern  became  complex  during  this 
period  due  to  the  influence  of  two  new 
developing  tropical  systems:  TS  Gloria  be¬ 
tween  Luzon  and  Japan  and  TS  Hester  west  of 
Marcus  Island  (Fig.  3-13) .  The  500  mb 
analysis  at  281200Z  (Fig.  3-14)  showed  that 
the  Pacific  Ocean  south  of  Japan  between 
Guam  and  the  Philippine  Islands  was  domi¬ 
nated  by  an  elongated  monsoon  trough  holding 
multiple  circulation  centers,  one  of  which 
was  to  become  TS  Gloria.  High  pressure  cells 
were  located  east  of  Tokyo  and  southeast  of 
Marcus  Island. 

The  281200Z  objective  steering  aids  in¬ 
dicated  Faye  would  track  northeastward. 
However,  because  the  initial  pattern  itself 
was  confused,  a  more  climatological  north- 
northwestward  track  was  forecast. 

By  2912002  Faye  began  to  execute  a  rare, 
anticyclonic  loop.  The  300000Z,  500  mb  anal¬ 
ysis  (Fig.  3-15)  showed  that  Faye  was  now 
positioned  between  two  high  pressure  centers: 
one  located  between  Marcus  Island  and  the 
Volcano  Islands,  and  the  other  located  south 
of  Guam.  This  pattern  was  the  result  of  the 
combined  influence  of  Gloria,  Hester,  Faye, 
and  a  long-wave,  mid-level  trough  that  was 
developing  far  to  the  northeast  of  Faye, 

It  was  now  possible  for  Faye  to  choose  one  of 


two  routes:  (1)  move  north-northeast  in  the 
weakness  between  Marcus  Island  and  Wake 
Island;  or  (2)  move  west-northwest  along  the 
southern  periphery  of  the  high  pressure  cen¬ 
ter  to  her  north. 


FIGURE  3-13.  TA.op^ccLi  Stom  Fayt  jii&t  pfiiofL  to  ex- 
zcating  an  anttcycZontc.  Zoop  no^h  o{,  Guam,  at 

an  tiitzmity  40  kt  121  m/Aec) .  TS  GtofUa 
■ioutkeMit  0ft  OkiyicuM  and  TS  HuteA.  nofitkoz&t  0(( 
Uofitaii  F&land,  29  KuQUJ>t  191  01311.  (P/-(SP  -unageAy) 

Unfortunately,  by  310000Z,  the  high 
pressure  center  south  of  Guam  shifted 
further  to  the  west.  This  change  in  the 
flow  pattern  allowed  Faye  to  swing  to  the 
south  and  thus  com.plete  her  anticyclonic 
loop . 

Faye  reached  the  southernmost  point  of 
her  looping  track  at  OlOOOOZ  September  and 
six  hours  later  was  upgraded  to  typhoon 
strength  based  upon  the  development  of  a 
poorly  defined  eye  and  a  central  pressure 
drop  to  984  mb  as  reported  by  reconnaissance 
aircraft.  At  020000Z  September,  the  500  mb 
pattern  again  changed  radically  (Fig.  3-16)  . 
Ridging,  albeit  weak,  now  dominated  the 
Pacific  east  of  Faye.  Troughing,  enhanced 
by  a  long  wave  east  of  Japan  dominated  the 
Pacific  west  of  Typhoon  Faye.  Faye  was  now 
under  the  influence  of  southeasterly  steer¬ 
ing  flow  and  began  tracking  steadily  north¬ 
westward  around  the  western  periphery  of  the 
ridge. 

As  the  ridge  strengthened,  Faye  accele¬ 
rated  from  8  kt  (15  km/hr)  to  16  kt  (30  km/ 
hr)  by  031200Z.  Thereafter  she  began  to 
cLIld  WS3!C0H  3S  5h0 

approached  the  axis  of  the  mid- tropospheric 
subtropical  ridge.  By  041800Z,  Faye 
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weakened  to  tropical  storm  strength  and 
within  six  hours  had  crossed  the  ridge  axis 
to  i’SctijTVO  to  tho  i*O2rtt0sst* 

Normally  a  system  would  be  expected  to 
accelerate  after  crossing  the  ridge  axis, 
but  in  this  case  the  mid-latitude  westerly 
jet  stream  was  located  considerably  to  the 
north;  the  mid-level  steering  was  therefore 
very  weak  and  Faye  actually  continued  a 
slowing  trend.  Likewise,  a  tropical  system 
would  be  expected  to  continue  weakening 
after  recurvature  as  it  moves  over  cooler 
water,  begins  to  entrain  cold  air  at  mid- 
^iTGin  ^^0  coinss  un^0xr  th0 

influence  of  strong  vertical  wind  shear.  A 
reconnaissance  aircraft  at  050541Z,  however, 
reported  that  Faye's  central  pressure  had 
dropped  to  975  mb  with  an  increase  in  over¬ 
all  organization  also  noted.  Faye  was  up¬ 
graded  to  typhoon  strength  based  on  aircraft 
reconnaissance  and  ship  data  at  051800Z. 

The  reason  for  Faye's  reintensification 
was  related  to  the  weak,  upper-level  flow 
pattern.  During  Faye's  period  of  reinten¬ 
sification  ,  mid—  and  upper-level  winds  were 


basically  zonal  and  light,  thereby  minimi¬ 
zing  the  cold  air  entrainment.  Reconnais- 

s  WN  3  n  4*  ^  4>Vs— C  w  V  ,,ii> 

OCL1AU.C  xcTi-A  xii<i  L.  Jcoyc; 

was  distinctly  warm  core  during  this  period. 
Because  of  the  weak  flow  between  500  and  200 
mb,  vertical  wind  shear  was  small  and,  thus, 
Faye  was  able  to  maintain  vertical  organi¬ 
zation  longer  than  was  anticipated. 

By  0612002  September,  Faye  again 
weakened  to  tropical  storm  intensity  due 
to  increasing  vertical  wind  shear. 

Upper-level  winds  increased  and  satellite 
imagery  showed  that  her  upper-level  center 
W2S  finsliy  lD0j.ng  off  firoin  tho  suy— 

face  center.  The  final  warning  on  TS  Faye 
was  issued  at  071800Z  at  which  time  she  was 
fully  extratropical  and  in  the  process  of 
merging  with  the  polar  front. 

Although  Typhoon  Faye  avoided  the  major 
land  masses  of  the  Pacific  area,  she  did 
cause  damage  to  the  Northern  Mariana  Islands. 
During  her  anticyclonic  loop,  the  islands  of 
Agrihan,  Alamagan,  and  Pagan  were  directly 
affected  twice.  Pagan  sustained  the  most 
damage  with  sixty-five  homes  destroyed  and 
one  merchant  vessel  grounded. 
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TYPHOON  IRMA 


Irma,  the  eighth  typhoon  of  the  1978 
season,  developed  in  the  monsoon  trough 
southeast  of  Taiwan.  Located  in  the  Luzon 
Straits  over  the  previous  week,  the  monsoon 
trough  slowly  drifted  northward  and  a  weak 
surface  circulation  became  evident  southeast 
of  Taiwan  on  the  11th,  The  monsoon,  trough 
at  500  mb  was  also  observed  to  have  shifted 
well  northward  signifying  the  trough  becoming 
vertically  aligned  with  the  surface  circu¬ 
lation.  This  northward  shift  also  moved  the 
monsoon  circulation  under  favorable  outflow 
aloft.  The  mechanism  for  rapid  tropical 
cyclone  development  being  present,  numbered 
warnings  began  without  the  issuance  of  a 
formation  alert. 

Aircraft  reconnaissance,  at  0935Z  on  the 
12th/  confiriued  TD*19  had  undergone  rapid 
development.  Post  analysis  determined  that 
the  cyclone  reached  tropical  storm  strength 
at  120000Z.  Due  to  the  lack  of  a  strong 
subtropical  high  pressure  ridge  to  the  north 
of  Irma  and  the  fact  that  the  southwest  mon¬ 
soon  flow  was  more  intense  than  the  easter¬ 
lies  north  of  the  monsoon  trough,  Irma  moved' 
northeast.  Then,  on  the  13th  at  1800Z,  Irma 
began  accelerating  northeastward  as  mid-level 
steering  strengthened  when  a  short-wave, 
westerly  trough  tracked  eastward  off  China. 
Diffluence  aloft,  ahead  of  the  short-wave, 
allowed  Irma  to  reach  a  maximum  intensity  of 
65  kt  (33  m/sec)  by  141200Z, 

Irma  remained  a  typhoon  for  only  12  hours 
becoming  the  shortest-lived  typhoon  of  the 
season.  The  140000Z,  500  mb  analysis  indi¬ 
cated  that  Irma  was  north  of  the  broad  sub¬ 
tropical  ridge  axis,  building  in  behind  her, 
and  she  was  accelerating  northeastward.  Her 


maximum  forward  speed  of  21  kt  (39  km/hr) 
was  obtained  while  tracking  through  the 
Tsushima  Straits  prior  to  making  landfall 
on  Honshu. 

In  the  last  24-36  hours  of  her  existence, 
Irma  experienced  increased  vertical  shear 
which  brought  on  rapid  weakening.  The 
terrain  effects  of  Kyushu  and  Honshu  caused 
Irma  to  dissipate  near  1200Z  on  the  15th. 

Although  remaining  a  typhoon  for  only 
12  hours  and  weakening  rapidly  as  she  tracked 
towards  southwest  Japan,  Irma  produced  wide¬ 
spread  damage  to  Kyushu  with  estimated  gusts 
in  excess  of  100  mph  (45  m/sec)  reported. 

Irma  smashed  windows,  overturned  cars,  and 
capsized  several  fishing  boats.  Several 
athletes  at  the  Japan-China  Friendship  Track 
and  Field  Meet  in  Kitakyushu  were  injured 
when  a  freak  gust  blew  them  ten  feet  in  the 
air. 

Irma  exhibited  a  movement  to  the  north¬ 
east  similar  to  previous  1978  recurvers 
(Olive,  Polly,  Virginia,  Gloria  and  Hester) . 

Irma's  track  indicates  she  traveled 
parallel  to,  but  just  outside,  the  200  mb 
strong  wind  flow;  actually  just  outside  the 
50  kt  (26  m/sec)  isotach  (Fig.  3-17) .  The 
observed  relationship  appears  to  provide  an 
excellent  forecast  aid  and  was  particularly 
important  during  Irma,  All  forecasts,  how¬ 
ever,  must  take  into  account  the  possible 
northward  adjustment  of  the  max  V7ind  band  as 
well  as  the  possible  deepening  of  short-wave 
troughs  off  the  China  mainland.  An  accurate 
36-hour  to  48-hour,  200  mb  prog  should  help 
greatly. 


FIGURE  3-17.  I^una’6  AeZative  to  thz  southeAn 

boundaA.y  oi  thz  200  mb,  50  kt  tiotach  inom  1400002  to 

/7/0, 
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TYPHOON  JUDY 


Typhoon  Judy  was  first  evident  on 
satellite  imagery  as  an  area  of  convective 
activity  in  the  easterlies.  Further  evi¬ 
dence  of  the  initial  disturbance  was  pro¬ 
vided  by  surface  observations  from  Wake 
Island  during  the  period  of  081200Z  to 

nnnnAnr?  n  /-^r»vK.«vv-  10*70  e  n  ti  rr  a  T.T-i  rsH  cVi-J'F'l- 

V/  3?  u  V  u  ij  »::>«  t-*  v  f  V  V*  »?  ^  , 

maximum  sustained  winds  of  20  kt  (10  m/sec) , 
and  a  minimum  sea  level  pressure  of  1005  mb. 
For  the  next  three  days,  the  disturbance  was 
monitored  by  satellite  reconnaissance  and 
discussed  in  the  Significant  Tropical  Weather 
Advisory  (ABEH  PGTW) .  Based  on  September’s 
climatology  for  disturbances  north  of  201'I 
latitude,  potential  for  development  was  con¬ 
sidered  to  be  poor.  At  times  during  this 
period,  this  potential  was  supported  by 
satellite  imagery  showing  weak  vertical 
development  associated  with  the  disturbance 
(Fig.  3-18).  However,  on  the  12th,  satel¬ 
lite  imagery  showed  increased  organization. 

A  Tropical  Cyclone  Formation  Alert  was 
issued  as  120440Z  and  aircraft  reconnais¬ 
sance  was  scheduled.  The  first  aircraft 
penetration  was  16  hours  later  and  aircraft 
data  along  with  satellite  imagery  (Fig.  3-19) 
supported  a  cyclone  of  tropical  storm  inten¬ 
sity.  Consequently,  the  first  warning  was 
issued  at  130000Z.  Even  though  Judy  was 
detected  very  early  in  her  developmental 
stages ,  the  issuance  of  an  earlier  warning 
was.  delayed  primarily  due  to  a  lack  of  sig¬ 
nificant  skill  over  climatology  in  fore¬ 
casting  rapid  tropical  cyclone  development. 


FIGURE  3-1  Ss  T-'LOp^caZ  VZ^tUA.ba.nce.  which  de.veZoped. 
A.nto  Typhoon  Judy,  At  thLi>  time,  the  di&tuAbance  tacked 
veAttcat  development,  10  September  197S,  20491.  (PMSP 
imagery ] 


From  the  time  of  the  first  warning  until 
the  last,  Judy's  track  was  one  of  classical 
recurvature,  slowing  in  forward  movement  to 
5  kt  (9  km/hr)  at  the  recurvature  point  and 
accelerating  to  31  kt  (57  km/hr)  i^der 
strong  westerly  upper-level  steering  north 


of  the  subtropical  ridge  axis .  Although 
part  of  a  two-storm  situation  with  Typhoon 
Irma  (Fig.  3-20) ,  Judy  never  appeared  to  be 
influenced  by  Irma's  presence.  Warnings  on 
Judy  showed  excellent  continuity.  From  the 
second  warning  on,  a  recurvature  path  was 

V.A  V4^ 

detection  which  provided  considerable  history 
in  Judy’s  past  track  before  the  first  warn¬ 
ing  was  issued.  As  a  result,  the  forecast 
errors  for  Typhoon  Judy  were  considerably 
better  than  average  for  cyclones  undergoing 
recurvature.  The  intensity  forecasts  for 
Judy,  however,  always  lagged  her  true  in¬ 
tensification  rate.  The  maximum  intensity 
of  90  kt  (46  m/sec)  which  Judy  attained  after 
recurvature  was  not  foreseen,  nor  was  the 
rate  at  which  Judy  weakened. 

At  the  time  of  the  last  warning  issued 
on  Typhoon  Judy  at  170600Z,  satellite  imagery 
showed  that  Judy  was  merging  with  an  extra- 
tropical  system  to  the  north.  The  added 
influx  of  energy  into  this  system  caused  it 
to  deepen  rapidly  in  12  hours  from  an  esti¬ 
mated  1000  mb  to  988  mb  with  observed  50  kt 
(26  m/sec)  surface  winds.  During  her  life, 
no  reported  damage  was  done  by  Typhoon  Judy. 


FIGURE  3-19,  Judy  wcu  at  tAopical  itonm  tnteyiiity  at 
thli  time,  12  September  197S,  21562.  (PMSP  imagery ) 


Figure  3-20.  Ininaaed  ImageAy  oi  lyphoom  Judy 
laight)  and  lama  [lei^t] ,  14  Septembea  1978,  1438Z, 
(DMSP  Imageay) 
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TYPHOON  LOLA 
BEST  TRACK  TC-22 
24SEP-  03OCT  1978 
MAX  SFC  WIND  75  KTS 
minimum  SLP  963  MBS 
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TYPEiOON  LOLA 


Typhoon  Lola  was  spawned  within  a  very 
active  trough  located  between  the  equator  and 
12N,  from  the  Philippines  eastward  to  150E. 

On  the  20th  of  September  1978,  satellite 
imagery  gave  the  first  indication  of  a  dis¬ 
turbance  near  06II-147E;  however,  a  distinct 
surface  circulation  was  not  evident.  Between 
the  20th  and  the  24th,  the  disturbance  slowly 
accelerated  to  the  northwest  then  west-north¬ 
west  through  the  Caroline  Islands  passing 
between  Ulithi  and  Guam  on  the  22nd  with  15-20 
kt  (7-10  m/sec)  intensity.  A  tropical  cy¬ 
clone  formation  alert  was  issued  at  240600Z 
when  increased  organization  in  feeder  band 
activity  was  noted  on  satellite  imagery  and 
potential  for  further  development  was  evident. 
Based  on  aircraft  and  satellite  data,  the 
first  warning  on  Tropical  Depression  22  (TD- 
22)  was  issued  at  241200Z  with  25  kt  (13  m/ 
sec)  intensity. 

During  the  24th  and  25th,  TD-22  main¬ 
tained  a  westward  movement  within  the  near 
equatorial  trough  on  a  heading  10  degrees 
north  of  the  trough  axis.  This  westward 
movement  toward  the  central  Philippines  was 
supported  by  easterlies  along  the  southern 
periphery  of  the  mid-tropospheric  subtropical 
ridge.  Aircraft  data  at  252100Z  positioned 
the  circulation  110  nm  (205  km)  east  of 
Samar.  Increased  organization  and  a  central 
pressure  of  995  mb  were  noted  which  resulted 
in  upgrading  the  system  to  Tropical  Storm 
Lola  at  26Q00QZ.  Landfall  was  mads  on  the 
southeastern  tip  of  Luzon  at  261500Z.  Lola's 
subsequent  track  during  the  27th  took  her 
along  the  southern  coast  of  Luzon  passing 
over  the  cities  of  Legaspi  and  Batangas.  The 
closest  point  of  approach  (CPA)  to  Manila  oc¬ 
curred  at  271000Z  as  Lola  passed  35  nm  (65 
km)  to  the  southwest.  At  this  time,  the 
International  Airport  at  Manila  reported  30 
kt  (15  m/sec)  sustained  winds  with  gusts  to 
50  kt  (26  m/sec) .  The  Naval  Weather  Service 
Environmental  Detachment  (NWSED)  at  Cubi  Pt. 
recorded  maximum  sustained  winds  of  40  kt 
(21  m/sec)  with  a  peak  gust  of  59  kt  (30  m/ 
sec)  at  271241Z.  Nineteen  deaths  and  heavy 


property  damage  in  the  southern  Tagaloc  and 
Bical  regions  were  attributed  to  Lola's  pas¬ 
sage.  As  Lola  exited  into  the  South  China 
Sea,  the  500  mb  analysis  indicated  a  short 
wave  trough  in  the  westerlies  over  China  ex- 
t6ndi.n<^  ss  soutii  cls  27N  wit!*  s  wsslcpsss 
in  the  subtropical  ridge  forming  over  south¬ 
ern  China.  By  280000Z,  the  trough  extended 
to  23n  along  105E  and  the  subtropical  high 
center  east  of  the  weakness  had  moved  east¬ 
ward  across  the  northern  Philippines.  This 
caused  Lola's  dominant  mid-level  steering 
flow  to  become  southeasterly  which  resulted 
in  her  more  climatological  northwest  track 
over  the  South  China  Sea.  Supported  by  good 
upper-tropospheric  outflow  and  strong  low- 
level  energy  input,  gradual  intensification 
occurred  from  271800Z  through  301800Z.  Based 
on  aircraft  data,  Lola  was  upgraded  to  ty¬ 
phoon  intensity  at  2818002.  During  the  29th 
and  30th  of  September,  Lola  reached  maximum 
intensity  with  sustained  winds  of  75  kt  (39 
m/sec)  and  a  minimum  pressure  of  963  mb.  The 
mid-tropospheric  ridge  began  strengthening 
westward  resulting  in  Lola's  track  becoming 
more  west-northwest  toward  Hainan  Island. 
Landfall  over  Hainan  occurred  at  010900Z 
October,  10  nm  (19  km)  southeast  of  Wen- 
chang. 

Weakened  by  terrain  features,  Lola  was 
downgraded  to  a  tropical  storm  at  011200Z  as 
she  continued  west-northwestward  into  north- 
0rn  Vi6i;naiit.  The  fmal  warniny  downyrading 
Lola  to  tropical  depression  intensity  was 
issued  at  030000Z-  Lola's  overall  uncompli¬ 
cated  track  produced  the  lowest  24-,  48-  and 
72-hour  forecast  vector  errors  (54,  lie  and 
139  nm  respectively)  of  the  1978  storm  season. 
The  24-  and  48-hour  forecast  vector  errors 
were  expecially  low  (average  of  21  nm  (39km) 
and  40  nm  (74kra)  respectively)  during  Lola's 
passage  over  the  Philippines.  This  resulted 
from  the  increased  accuracy  of  fix  positions 
due  to  additional  land  radar  and  synoptic 
reports,  the  uncomplicated  track,  and  the  fact 
that  Lola  remained  a  well-organized  system 
during  transit  allowing  accurate  fixing. 
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TYPHOON  MAMIE 


Typhoon  Mamie  was  yet  another  of  the 
compact  typhoons  of  1978.  Mamie  was  also  an 
open  ocean  typhoon  (i.e.,  it  formed  and  dis¬ 
sipated  over  the  ocean,  and  affected  ship¬ 
ping  lanes)  and  never  really  threatened  any 
land  stations. 

Tropical  Depression  23  (Mamie)  developed 
from  a  wave  in  the  easterlies.  On  the  27th 
of  September  at  OOOOZ  this  wave  was  approxi¬ 
mately  100  -nm  (185  km)  east  of  Guam  and  was 
oriented  southwest-northeast  from  ION  to  25N. 
Within  the  wave,  there  were  two  disturbance 
areas.  The  northernmost  area  eventually 
developed  when  it  moved  under  an  upper  air 
difluent  region.  By  the  30th,  a  compact 
tropical  depression- was  easily  noted  on  sat¬ 
ellite  data  (Fig.  3-21).  Also  noted  were 
cirrus  cloud  streamers  showing  outflow  ex¬ 
isted  in  all  quadrants.  The  first  warning  on 
TD-23  was  issued  immediately  thereafter. 


FIGURE  3-2 J,  ■anagzn.y  TV-23  (Mamie)  at  30 

kt  115  m/6e.c]  -uitinitty,  30  ScpiembeA  1978,  00352, 
(PMSP  tmageAif) 


Remaining  a  very  compact  system 
(Fig.  3-22) ,  Mamie  tracked  on  a  recurvature 
path  along  the  western  periphery  of  a  mid- 
tropospheric,  subtropical  high  pressure 
system  whose  500  mb  height  center  was  near 
25N-175E.  The  direction-of- track  forecasts 
were  good;  however,  the  speed-of-movement 
forecasts  were  underestimated.  Mamie  ac¬ 
celerated  much  more  rapidly  than  expected 
(twice  climatological  speeds)  after  passing 
north  of  30N.  Due  to  sparse,  upper-air 
reports  in  the  vicinity  of  the  typhoon, 
analysis  and  forecast  aids  did  not  indicate 
such  a  rapid  acceleration  would  occur. 

Mamie  eventually  weakened  and  transitioned 
into  an  extratropicaT  system  on  4  October 
1978.  Without  satellite  reconnaissance  it 
is  conceivable  that  the  compact,  Typhoon 
Mamie  would  not  have  made  history. 


FIGURE  3-22.  Ti/phoon  Mamie,  AemaXucng  compact, 
movtng  nofithmAtmAd  uiluZe.  at  maxAmun  intcmity  OjJ  70 
kt  {36  m/icc],  03  OctobcA  1011,  01231.  (VMS?  tiragcAy] 
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TYPHOON  ORA 
BEST  TRACK  TC-25 
10OCT-15OCT  1978 
MAX  SFC  WIND  85KTS 
MINIMUM  SLP  944MBS 


TYPHOON  ORA 


During  the  early  part  of  October,  exten¬ 
sive  monsoon  troughing  existed  from  the 
South  China  Sea,  across  the  Philippine 
Islands  to  an  area  southeast  of  Guam,  The 
surface  analyses  for  that  period  showed  a 
combination  of  strong  northeasterlies  north 

rs -F  mrN»-«  C!  a -v  i  c  1  1 

V  J.  X.  -Lit  W^,X 

cross-equatorial  flow  into  the  trough  from 
the  Southern  Hemisphere,  The  entire  area 
was,  therefore,  ripe  for  continued  tropical 
cyclone  development  and,  indeed,  by  081200Z, 
Tropical  Storm  Nina  was  gathering  stxength 
east  of  the  Philippines.  At  about  the  same 
time  an  areaqf  convergence  about  300  nm 
(556  km)  west-southwest  of  Guam  began  to  show 
increased  organization, 

JTWC  began  to  monitor  this  area  using 
satellite  and  ship  synoptic  data  and  issued 
a  Tropical  Cyclone  Formation  Alert  at  090707Z. 
Based  on  reconnaissance  aircraft  data  at 
092254Z  October,  the  disturbance  was  up¬ 
graded  to  Tropical  Storm  Ora  with  the  first 
warning  valid  at  lOOOOOZ  October  1978. 

The  500  mb  analysis  at  this  time  showed 
that  the  mid- tropospheric  subtropical  ridge 
axis  was  broken  between  Japan  and  the  Philip¬ 
pine  Islands,  with  a  high  pressure  cell  cen¬ 
tered  over  Thailand  and  another  located  near 
Marcus  Island.  This  break  was  created  by  a 
deepening  long  wave  trough  that  was  moving 
into  the  western  Pacific  from  the  Asian  main¬ 
land.  The  circulations  of  Tropical  Storm 
Nina  and  Tropical  Storm  Ora  also  helped  to 
maintain  this  break. 

Computer  aids,  climatology  and  the  cur¬ 
rent  synoptic  situation  supported  a  northward 


track;  the  JTWC  forecast  showed  Ora  recurving 
to  the  north-northeast  around  the  western 
periphery  of  the  high  pressure  cell  that  was 
centered  near  Marcus  Island, 

By  101800Z,  however,  it  became  apparent 
th&t  OlTa  olid  Nilia  wST©  bSyiniiiny  tO  intSirSCt  ♦ 
.At  this  time  Nina,  the  dominant  system,  was 
trying  to  force  Ora  to  follow  a  westward 
track,  while  at  the  same  time  the  long-wave 
trough,  then  over  the  Sea  of  Japan,  was  in¬ 
ducing  more  northward  movement.  The  net 
effect  of  these  two  steering  influences 
caused  Ora  to  follow  an  overall  northwestward 
track  at  a  speed  of  12-15  kt  (22-28  km/hr). 

On  the  11th,  it  was  apparent  that 
Tropical  Storm  Nina  and  Tropical  Storm  Ora 
were  engaging  in  a  Fujiwhara  interaction, 

Nina  would  have  been  expected  to  move  east¬ 
ward  in  the  classic  Fujiwhara  style.  How¬ 
ever,  because  she  was  the  dominant  system, 
the  axis  of  rotation  was  closer  to  her. 
(Figure  3-23  shows  the  relative  positions  of 
Nina  and  Ora  at  112342Z.)  Instead  of  moving 
eastward,  therefore,  she  merely  stalled  and 
then  executed  two,  small  loops  while  causing 
Ora  to  move  west-northwestward.  During  this 
time  period,  JTWC  continued  to  forecast  Ora 
to  cross  the  southern  tip  of  Taiwan.  This 
forecast  was  based  on  persistence  and  ob¬ 
jective  forecast  aids  which  had  been  veri¬ 
fying  quite  well  up  to  that  point.  Tropical 
Storm  Ora  then  began  to  show  increased  or¬ 
ganization  on  satellite  and  radar  data. 
Aircraft  reconnaissance  at  120304Z  reported 
the  first  signs  of  eye  formation  and  a  cen¬ 
tral  pressure  of  969.6  mb.  Post  analysis 
revealed  that  typhoon  intensity  was  reached 
at  111800Z. 


FIGURE  3-23,  InijAaAed  mage.  OjJ  Typhoon  Oaa  and 
TKopic/jJi  Stonm  hl-ina  dafUng  Faj-whafia  Znteaaetion, 
11  OcXiobe/t  197S,  Z342Z.  Po4i-ana£yi^  showed 
that  uiken  the  ^eedea  band  conmcttng  the  two  ey- 
etonei  di&appeoAed,  tntefiaction  ceased  and  Oaa 
latVi  toAned  noath.  (t?MSP  magsAy) 
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As  Ora  approached  the  east  coast  of 
Taiwan,  hourly  radar  fixes  from  Ishigaki- 
Shima,  Miyako-Jima  and  Hua-lien  indicated 
deceleration  and  by  121200Z,  Ora  had  slowed 
to  4  kt  (7  km/hr) .  By  this  time.  Tropical 
Storm  Nina  had  evidently  weakened  to  the 
point  where  she  no  longer  had  any  major  in¬ 
fluence  on  Ora's  movement.  The  break  in  the 
ridge  axis  then  became  the  controlling  factor 
in  determining  Ora's  track.  Westward  movement 
was  forecast,  in  keeping  with  the  upper-air, 
numerical  progs  that  showed  the  ridge  building 
back.  Fortunately  for  Taiwan,  this  ridge 
failed  to  build  back  and  Ora  veered  sharply  to 
the  north  never  making  landfall  on  Taiwan 
(Fig.  3-24).  When  unexpected,  northward  move¬ 
ment  was  noted,  an  amended  forecast  was 
issued.  Without  constant  reconnaissance, it 


FIGURE  3-24.  AadoA  (Jtxw  sfww  Ofia'i  iud- 

de.n  tii^n  to  thz  Nontk  a{,teA  HIZOOI  OctobeA.  197S, 


is  conceivable  that  the  change  in  Ora's  move¬ 
ment  would  not  have  been  noticed  until  the 
next  scheduled,  6-hourly  fix. 

Ora  reached  her  peak  intensity  of  85  kt 
(44  m/sec)  near  130600Z  October  as  a  compact 
typhoon  (Fig.  3-25).  By  1318002,  however, 
reconnaissance  aircraft  indicated  that  her 
central  pressure  had  increased  rapidly 
(44  mb  In  17  hours)  and  there  was  evidence 
that  her  upper  level  center  was  beginning  to 
shear  off.  By  1400002  Ora  had  weakened  to 
tropical  storm  strength  and  was  accelerating 
to  the  northeast  under  the  influence  of 
strong  mid- level  westerlies.  Tropical  Storm 
Ora  then  merged  with  the  polar  front  and  was 
fully  extratropical  by  150600Z  October. 


FIGURE  3-25.  Hua.-LL&n  fiadM.  pn.6^&ntation 
Typhoon  Oao.  at  130100Z  OctobeA  Ju6t  pAioK  to  keA 
Aeacking  maximum  ttitenstty.  (PhotogAaph  couA- 
tuy  0((  the.  CentAoZ  WeatheA  Bateau,  Taipet,  Taiwan. ) 
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TYPHOON  PHYLLIS 

BEST  TRACK  TC-28 
15  OCT -22  OCT  1978 
MAX  SFC  WIND  95  KTS 
MINIMUM  SLP  953  MBS 
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TYPHOON  PHYLLIS 


The  tropical  disturbance  that  eventually 
developed  into  Typhoon  Phyllis  formed  in  a 
well  established,  near-equatorial  trough 
lying  over  the  southern  Marshall  Islands  on 
13  October  1978.  By  12002  on  the  14th,  the 
disturbance  had  moved  north-northwest  and 
under  moderate  upper  level  divergence  which 
existed  south  of  a  TUTT.  Increased  organi¬ 
zation  of  the  disturbance  was  observed  on 
satellite  imagery  at  14210 8Z  and  a  Tropical 
Cyclone  Formation  Alert  (TCFA)  was  issued  at 
142235Z  for  an  area  100  to  350  nm  {185-556 
km)  north  and  north-northwest  of  Enewetak. 

Upper-air  data  at  1500002  suggested  a 
weakness  in  the  subtropical  ridge  {STR)  axis 
near  155E.  As  the  tropical  disturbance 
tracked  northwestward  toward  the  weakness, 

low-level  inflow  and  upper-level  outflow  con¬ 
tinued.  The  disturbance  was  upgraded  to 
tropical  depression  (TD)  status  and  numbered 
warnings  on  TD-28  began  at  1512002.  Phyllis 
remained  a  tropical  depression  for  18  hours 
and  was  upgraded  to  a  tropical  storm  based 
on  aircraft  reconnaissance  information  which 
indicated  Phyllis  to  be  a  small  compact  storm 
with  small  wind  radii  and  therefore  virtually 
invisible  from  synoptic  reports  alone. 

By  the  16th,  the  break  in  the  STR  axis 
was  well  established.  The  dominant  high 
pressure  center  was  northeast  of  Wake  Island 
and  the  secondary  center  was  southwest  of 
Iwo  Jima.  The  dominant  high  slowly  streng¬ 
thened  causing  Phyllis  to  accelerate  north¬ 
westward  from  6-10  kt  (11-19  km/hr) .  Simul¬ 
taneously,  the  TUTT  moved  northward  allowing 
Phyllis  to  continue  to  have  excellent  outflow 
aloft.  In  this  regime,  Phyllis  gradually 
intensified  to  typhoon  strength  by  the  17th 
at  18002. 

When  Phyllis  finally  reached  the  break  in 
the  STR  on  the  18th,  the  dominant  high 
weakened  leaving  a  large  col  area  causing 
Phyllis  to  drift  slowly  for  a  day.  Then  on 
the  19th,  the  high  pressure  system  east  of 
Phyllis  began  building  to  the  west  which  even¬ 
tually  caused  Phyllis  to  slowly  accelerate 
northwestward  and  delayed  recurvature  for  two 
more  days.  Cooler  waters  and  reduced,  upper 
-level  outflow  weakened  Phyllis  as  she  re¬ 
curved  northeastward.  Then,  north  of  the  STR, 
Phyllis  rapidly  accelerated  under  stronger 
-than-expected  steering  currents.  Phyllis 
accelerated  from  9  kt  (17  km/hr)  at  the  ridge 
axis  to  45  kt  (83  km/hr)  in  less  than  30 

Increased  vertical  shear  caused  Phyllis 
to  weaken  to  tropical  storm  intensity  by 
00002  on  the  22nd.  Thereafter,  the  pressure 
gradient  between  a  major  surface  low  moving 
eastward  off  Japan  and  the  strong  surface 
ridge  east  of  Phyllis  helped  maintain  storm 


force  winds  around  Phyllis  as,.5he  beceime 
extratropical . 

The  STR  built  westward  as  Phyllis  began 
her  track  toward  recurvature  (Pig.  3-26). 
After  recurvature,  Phyllis'  foward  speed 
inciredSeci  diraniatically  /  GxtrstropiCcil  trsn* 
sition  was  complete  after  2206002. 

Phyllis  remained  a  typhoon  for  four  days 
during  which  her  closest  approach  to  land  was 
40  nm  (74  km)  northeast  of  Marcus  Island. 

Her  compactness  and  over-open  water  track 
resulted  in  no  major  reported  damage. 


FIGURE  3-26.  Typhoon  PkyZJUJ>  at  heA  AtcjuAvatuAe. 
point,  Typhoon  Rita,  on  a  tfiaok  toumA  Guam  and  thz 
STR  bwctdi  tn  between  thvn  at  noted  by  the  weaknett 
tn  the  band  o^  tkoMets  connecting  the  turn  compact 
typkooni,  21  Octoben.  797S,  01062.  (PMSP  imageAy) 
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TYPHOON  RITA 


Rita,  1978 's  only  super  typhoon,  was 
first  detected  as  a  cloud  cluster  in  the 
tropical  central  North  Pacific  on  the  14th 
of  October.  Migrating  westward,  she  crossed 
the  dateline  early  on  the  16th  and  by 
162300Z  (Fig.  3-27)  satellite  imagery  showed 
increased  organization  and  developing  feeder 
band  activity.  Consequently,  a  formation 
alert  was  issued  on  the  system  at  162347Z 

licusTS  l-3,t02r^  sftsz"  (Jsvsiop"" 

ment,  the  first  warning  was  issued  with  30  kt 
(15  m/sec)  intensity.  Thus,  Rita  was 
detected  very  early  in  her  developmental 
stages  and,  based  on  the  availability  and 
maximum  use  of  satellite  data,  a  timely 
warning  service  was  provided. 


FIGURE  3-27.  Zita,  06  4 he  appeoAed  juit  bzioAz  ii- 
6uancz  ofj  hzfi  uxiAning,  16  OatobzA  197S, 

2245Z.  (PMSP  tmagzAy  £Aom  AFGWC,  AFB,  HE} 


From  the  time  of  the  first  warning  until 
landfall  on  the  Philippines,  Rita  tracked 
virtually  straight  westward.  The  major  in- 
xxuGnc0.  on  uGi*  iTiOVGniGnc  waS  tiiG  unusuaXly 
strong  mid-tropospheric  subtropical  ridge 
that  built  in  over  WESTPAC  as  Typhoon 
Phyllis  was  recurving.  The  strength  of  the 
easterly  current  south  of  the  ridge  steered 


Rita  at  forward  speeds  of  ly)  to  20  to  ^3  kt 
(37  to  43  km/hr)  ;  ^most  twice  that  of  the 
climatologicaT” average.  As  could  be  anti¬ 
cipated  from  her  track,  JTWC's  forecasts 
were  consistent  and  errors  were  less  than 
average.  The  larger  errors  were  due  to 
underestimates  of  forward  speed  and  initial 


Phyllis'.  During  her  track  across  WESTPAC, 
Rita  threatened  a  numbe_r_of  Pacific 
islands  and  atolls  including  those  in  the 
northeastern  Marshalls,  Enewetak  and  Guam. 
Rita's  track  near  Enewetak  brushed  the 
northern  tip  of  the  atoll  when  maximum  sus¬ 
tained  winds  were  75  kt  (39  m/sec) .  At  this 
timey  Rita  was  a  very  compact  typhoon  and  the 
main  island  on  the  southeastern  portion  of 
the  atoll  reported  maximxim  sustained  winds  of 
only  35  kt  (18  m/sec)  with  gusts  to  45  kt 
(23  m/sec) .  By  the  time  Rita  approached 
Guam  (Fig-  3-28)  however,  she  had  intensi¬ 
fied  dramatically  to  150  kt  (77  m/sec)  and, 
therefore,  posed  a  serious  threat  to  the 
island. 


FIGURE  3-2S.  Zita,  at  145  kt  (75  m/izc.)  tntzMitg, 
16  houtu,  be^oAZ  hzA  cZoiz&t  point  oij  appAoach.to 
Guam,  22  OcXobzA  1978,  22121.  (PMSP  ijnaugzAi)) 


Rita  was  forecast  to  track  south  of  Guam 
and  maximum  sustained  winds  expected  for  the 
center  of  the  island  (at  Naval  Air  Station 
(NAS) ,  Agana)  were  70  kt  (36  m/sec) .  Rita 
did  indeed  track  south  of  Guam  as  forecast 
but  maximum  sustained  winds  reported  at  NAS 
Agana  were  only  35  kt  (18  m/sec)  with  gusts 
to  55  kt  (28  m/sec) .  In  addition,  precipi¬ 
tation  on  the  island  from  Rita  was  unusually 
low.  Post  analysis  reveals  that  the  over¬ 
estimation  of  the  maximum  winds  on  the 

'1  i.ra  e  Kw  4>-r.«r<.  mu^  a 

WWW  j.ciw>wVi^XA«  XliC  XXX&U 

factor  was  that  Rita's  actual  track  was  30- 
35  nm  (56-65  km)  south  of  the  forecast  track 
with  actual  CPA  (closest  point  of  approach) 
to  NAS,  Agana  of  85  nm  (157  km) .  Because 
Rita  was  compact,  this  30  nm  (56  km)  error 
in  track  meant  a  large  difference  in  Rita's 
influence  on  Guam.  Had  this  been  the  only 
errorj;  sustained  winds  would  nevertheless 
have  been  over  50_]ct  (26  m/sec)  at  NAS, 

Agana.  The  second  factor  was  the  over-esti¬ 
mation  of  the  over- 30 -kt  (15  m/sec)  and  over- 
50— kt  (26  m/sec)  wind  radii.  These  radii 
were  based  on  surface  wind  estimates  from 
aircraft  reconnaissance  (Fig.  3-29)  and  were 
forecast  to  expand.  The  230600Z  warning 
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FIGURE  3-3J.  Piot  of  cbjectiue  ic>ieciut  ^echtUijuw  (o/i  t71i00Z.  Ptitutnct  ChapteA  lU  (oA  dticAiption  each 
obsejctivi  iechtuque.  Each  *  /lepwents  a  Z4~kouA  {cAecoit  icgmeiU,  The  iplid  line  AepAuenti  fUSM'i  bat  tAack. 
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FIGURE  3-29.  Plot  cuAcAa^t  Kec.onniLi&ianc.&  data. 
Ti^koon  poittioni  OAZ  noted  at  2302001  and  222222Z. 
WImL  baabi  am  thz  estimated  iuA^aae  wtndi  the. 
APblO  abooAd  the  oiAcnait.  The  tern  dig-ut  oi  the 
uiind  dOieetton  ti  alio  plotted  with  the  wind  baabi. 

showed  a  185  nm  (343  km)  radius  for  over- 
30-kt  (15  m/sec)  winds  and  100  nm  (185  km) 
radius  for  over-50-kt  (26  m/sec)  winds  in 
Rita's  northern  semicircle.  Actual  surface 
reports  from  the  southern  tip  of  Guam  indi¬ 
cated  the  over-50-kt  (26  m/sec)  radius  was 
actually  only  70  nm  (130  km) .  The  over-30 
-kt  (15  m/sec)  wind  radius  was  also  too  large 
a.s  jud.^sd  by  ths  ni.n€  bouir  durdbion  of  sus** 
tained  30  kt  (15  m/sec)  winds  at  NASA  Dan  Dan. 


If  the  over-30-kt  (15  m/sec)  wind  radius  had 
been  185  nm  (343  km) ,  the  duration  of  sus¬ 
tained  30  kt  (15  m/sec)  winds  would  have  been 
closer  to  19  hours.  It  was  evident  that  the 
wind  field  did  not  expand  as  forecast. 

Unlike  the  relatively  mild  influence  on 
Guam  and  Enewetak,  the  Philippines  experi- 
enCed  corisiusrdble  dSiridyG  and  ITiany  liVSS 
were  lost  during  Rita's  passage.  Heavy 
flooding  was  reported  throughout  many  of  the 
cities  and  villages  on  Luzon,  especially 
those  just  east  and  north  of  Clark  AB.  DoD 
facilities,  however,  sustained  little  damage 
in  Rita's  i2-hour  passage  over  central  Luzon. 
As  she  entered  the  South  China  Sea,  aircraft 
and  satellite  data  indicated  that  she  had 
weakened  considerably. 

In  contrast  to  the  persistent  synoptic 
situation  over  the  Western  Pacific  which  had 
steered  Rita  ever  westward,  the  large  scale 
features  in  the  South  China  Sea  were  complex. 
As  Rita  exited  the  Philippines,  a  short¬ 
wave  westerly  trough  was  deveTbping  and 
moving,  eastward  over  the  Asian  mainland. 

The  trough  created  a  break  in  the  mia-tropo- 
spheric  subtropical  ridge  allowing  for  a 
northward  adjustment  in  Rita's  track.  Dur¬ 
ing  this  same  time,  however,  a  surge  in  the 
northeast  monsoon  was  developing  over  China 
at  low  tropospheric  levels  which  tended  to 
steer  Rita  southward.  Objective  aids  lacked 
consistency  and  reflected  the  contrast  in 
the  synoptic  situation  (Fig.  3-3^).  Even¬ 
tually,  the  northeast  monsoon  surge  proved 
to  be  the  deciding  factor  in  Rita''s  movement 
and  she  tracked  southwestward  toward  the 
Vietnam  coast  and  dissipated  over  water. 
Forecast  errors  were  considerably  larger 
during  this  latter  segment  of  Rita's  track. 

Overall,  Rita  was  the  record  setter  for 
the  1978  season.  Her  track  was  the  longest 
of  the  season  and  at  her  peak  intensity  of 
155  kt,  aircraft  data  recorded  an  878  mb 
central  pressure,  only  2  mb  higher  than  the 
record  .set  by  Typhoon  June  in  1975  (Fig.  3-31). 


FIGURE  3-3T.  Pita,  at  ISO  kt  VriH/iee]  intemity, 
6  houAi  pAioA  to  heA  peak  intemity,  24  OetobeA 
1978,  23191.  {VMS?  imageAyl 
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TYPHOON  VIOLA 


Of  the  typhoons  of  1978,  none  could  be 
considered  to  be  more  classic  or  more  well 
-behaved  than  Typhoon  Viola,  the  last  typhoon 
of  the  season. 


the  break  in  the  ridge  near  the  Philippines 
was  continually  monitored  and  the  prospects 
for  Viola  to  recurve  were  evaluated  with 
the  issuance  of  each  yarning. 


Increased  convective  activity  in  the  mon¬ 
soon  trough  about  600  nm  (1111  km)  southeast 
of  Truk  was  first  noticed  on  satellite  data 
at  132159Z  November.  By  162142Z,  satellite 
data  showed  continued  development  and  a  Tro¬ 
pical  Cyclone  Formation  Alert  was  issued. 
Well-defined,  upper  atmospheric  outflow  was 
evident  in  all  quadrants  and  at  170710Z,  a 
reconnaissance  aircraft  reported  surface 
winds  of  30  kt  (15  m/sec)  and  a  surface  pres¬ 
sure  of  998  mb.  Based  on  this  information 
the  disturbance  was  upgraded  to  Tropical 
Depression  33  and  numbered  warnings  began 

The  itiid’-'trOpOSpherlC  flow  pattern  at  thxS 
time  was  characterized  by  strong  high  pres¬ 
sure  ridging  to  the  north  and  east  of  TD-33 
with  a  weakness  apparent  in  the  ridge  axis 
near  Luzon.  This  weakness  was  induced  both 
by  a  deepening  long  wave  trough  that  extended 
from  Siberia  south  along  the  coast  of  China 
and  by  TD-32,  which  was  at  this  time  off  the 
coast  of  Luzon  in  the  Philippine  Sea. 

Although  TD-32  was  short-lived  and  never 
intensified  above  tropical  depression 
strength,  it  nonetheless  was  strong  enough 
to  alter  the  mid— level  flow  pattern  and 
beeom^  a  determining  factor  in  TD-33 ’s 
(Viola's)  ultimate  movement. 

Under  the  influence  of  the  strong  east¬ 
erlies  south  of  the  mid-tropospheric  ridge, 
TD-33  began  tracking  to  the  west-northwest 
at  12  to  16  kt  (22  to  30  km/hr)  toward  the 
weakness  near  Luzon. 


Based  on  an  improved  satellite  signature, 
TD-33  was  upgraded  to  Tropical  Storm  Viola  at 
1712002.  A  careful  comparison  of  the  satel¬ 
lite  data,  along  with  the  aircraft  reports, 
indicated  that  Viola  was  still  not  vertically 
stacked.  Late  on  the  19th,  she  slowed  to 
8  kt  (15  -km/hr)  and  this  deceleration  was 
apparently  enough  to  allow  her  time  to  become 
better  organized  in  the  vertical.  A  191505Z 
reconnaissance  aircraft  confirmed  that:  the 
surface  center  was  within  5  nm  (9  km)  of  the 
700  mb  center;  Viola's  surface  pressure  had 
fallen  to  977  mb;  and,  an  eye  was  beginning  to 
form.  She  finally  reached  typhoon  strength 
near  2000002.  By  this  time,  Viola  had  com¬ 
pletely  overpowered  TD-32,  whose  circulation 
was  no  longer  evident  on  the  surface  analysis. 
'With  TD-3T  "out  of  the  way",  Viola  now  had 


result,  rapid  intensification  followed.  At 
211200Z  she  attained  her  minimum  sea  level 
pressure  of  911  mb  and  maximum  wind  speed  of 
125  kt  (64  m/sec)  just  5  kt  (2.6  m/sec)  below 
super-typhoon  strength  TFig.  3-32).  Viola's 
tremendous  intensification  is  reflected  in 
the  ten  thousand  foot  temperatures  that  were 
reported  by  aircraft  at  about  that  time; 
the  outside  temperature  was  14  Celsius  buu 


the  inside  (eye)  was  a  very  warm  29  Celsius 
(with  a  dewpoint  of  16  Celsius) . 


Up  to  this  point  JTWC's  forecasts  had 
been  verifying  quite  well.  While  Viola  was 
forecast  to  cross  the  northern  tip  of  Luzon, 


500  mb  reports  in  that  area  were  sparse; 
as  a  result,  the  true  situation  was  often 
difficult  to  evaluate  due  to  the  generally 
weak  overall  pattern.  Available  numerical 
progs  continued  to  show  the  ridge  building 
back  between  Luzon  and  Taiwan,  and  as  late  as 
2100002  the  500  mb  analysis,  more  definitive 
than  usual,  seemed  to  support  this  rebuilding. 

In  an  attempt  to  obtain  more  steering 
level  data  to  au^ent  the  sparse  land  station 
reports,  reconnaissance  aircraft  were  re¬ 
quested  to  fly  at  500  mb  in  the  area  directly 
north  of  Viola.  The  wind  data  provided  was 
invaluable  and  confirmed  that  a  definite 
break  in  the  ridge  axis  existed.  The  first 
forecast  noting  a  recurvature  track  was  is¬ 
sued  at  2206002.  Subsequent  aircraft  and 
satellite  fixes  verified  nortnward,  then 
northeastward  movement. 

After  recurvature,  satellite  data  began 
to  show  that  Viola's  upper-level  center  was 
being  sheared  off  from  her  surface  circula¬ 
tion  center.  By  231800Z  she  had  weakened  to 
tropical  storm  strength.  She  weakened  rapid¬ 
ly  thereafter;  the  2400302  reGonnaissance 
aircraft  was  unable  to  locate  a  700  mb  center. 
A  weak  low-level  circulation  remained  for  a 
short  time  after  losing  tropical  character¬ 
istics. 


FIGURE  3-32.  In^KOAed  Mmge.  oi  Typhoon  V^Za. 
navUnQ  het  maximum  Znteniity  125  kt  [64  m/iec.), 
21  NavmbeA  197&,  09452.  {PMSP  image/iyl 


62 


2.  NORTH  INDIAN  OCEAN  TROPICAL  CYCLONES 

During  1978,  four  significant  tropical 
cyclones  occurred  in  the  North  Indian  Ocean 
area  (Table  3-6).  As  usual,  the  transition 
seasons  between  the  northeast  and  southwest 
monsoon  periods  were  the  favored  "cyclone 
seasons"  (Table  3-7).  This  year's  cyclones 
lived  longer  than  others  on  record  as  noted 
by  the  above-average  number  of  warnings  shown 
in  Table  3-8. 

Tropical  Cyclone  (TC)  18-78  occurred  just 
prior  to  the  start  of  the  southwest  monsoon 
season  over  Southeast  Asia.  Steering  flow 
was  weak_w_fiich  caused  forecasting  the  speed 
of  movement  to  be  difficult.  The  lack  of 


surface  observations  forced  reliance  on  the 
interpretation  of  satellite  data  for  position 
and  intensity.  TC  18-78  made  landfall  on 
Burma  with  estimated,  maximum  sustained  winds 
of  50  Itt  (26  m/sec)  .  '  News  reports  stated, 

"  the  town  of  Kyaukpyu  reported  90%  property 
damage  and  the  coastal  village  of  Narakway 
was  demolished  when  estimated  peak  wind 
gusts  of  SO  to  100  mph  were  experienced." 
These  extreme  winds,  although  estimated, 
could  have  been  produced  by  squall  lines  or 
tornados . 

TC  19-78  dissipated  prior  to  making  land¬ 
fall  on  Bangladesh;  no  "ground  truth"  reports 
were  received  confirming  it's  strength. 


table  3-6. 


NORTH  INDIAN  OCEAN  AREA 


1978  TROPICAL  CYCIONES 


CALENDAR 

MAX 

EST 

DAYS  OF 

SFC 

MIN 

KO.  OF 

DISTANCE 

CYCLONE 

PRO  OF  1VAR.NING 

WARNING 

KIND 

SLP 

h'ARMNGS 

travelled 

TC  18-78 

15  ^WY-17  mY 

3 

60 

955 

4 

362 

TC  19-78 

26  OCT -28  OCT 

3 

40 

995 

7 

451 

TC  20-78 

06  NOV- 11  NOV 

6 

80 

965 

12 

1213 

TC  21-78 

20  NOV- 29  NOV 

10 

95 

955 

19 

1397 

1978  TOTALS  22 


TABLE  3-7. 


FTaEOTENCy  OF  NOfau  INDIAN  OCEAN  CYdXNES  BY  MONTH  AND  YEAR 


YEAR* 


JAN 


FEB  MAR 


APR  MAY 


JUN  JUL  AU3 


SIB  OCT 


1971  ** 

1972  0 

1973  0 

1974  0 

1975  I 

1976  0 

1977  0 

1978  0 


**  **  ** 

0  O'  1 

0  0  0 

0  0  0 

0  0  0 

0  0  1 

0  0  0 

0  0  0 


**0  0 

0  0  0 

u  0  0 

0  0  0 

2  0  0 

0  10 
110 
10  0 


0  0  1 

0  2  0 

0  0  1 

0  0  0 

0  0  1 

oil 

0  0  1 

0  0  1 


AVERAGE 

(1971-78)  0.1  0  0  0.3  0.5  0.3  0  0  0.4  0.3 

*1971-1974  lEPRESENT  BAY  CF  EEMGAL  CYCLCNES  CNLY 

**JIVC  RESPOISIBILnY  FOR  BAY  CP  BENGAL  CYCLONES  BEGAN  ON  4  DIKE  1971 


NOV  DEC  TOIAL 

10  2 

10  4 

2  1  4 

10  1 

2  0  6 

0  15 

2  0  5 

2  0  4 


1.4  0.3  3.9 


table  3-8. 


mwiRG  siMsua 


NORm  DPIftN  OCEftN 


average 

1978  1971-1977* 

TCTD^L  NiraOl  OP 

ViARODGS  A2  29 


NU-SER  OP 

DAYS  22  17 


NU«CR  OF  DAYS 

\Jrm  2  OR  MDRE  CYCLONES  0  2 

MJMBm  OP  EARNING  DAYS 

Wmt  3  OR  »DRE  CYdOKES  0  0 


OODO.  TRCPICAL  CYOjCNES 


4 


1971  throu^  1974 ,  only  Bay  of  Bengali  cyclones 
were  ccnsideied;  tlie  JIVC  area  of  responsibility  was 
extended  in  1975  to  include  Arabian  Sea  ^clcr^. 
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BAHRAINn?^ 
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RANGOON 
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LEGEND 

C  POSITION  AT  XX/OOOOZ 

— •  typhoon 

- TROPICAL  STORM 

•••  TROPICAL  depression 
CX)0  TROPICAL  DISTURBANCE 
->->*  EXTRATROPICAL 
•  ••  DISSIPATING  STAGE 

FIRST  WARNING  ISSUED 
•jJSj-  LAST  WARNING  ISSUED 


NORTH  INDIAN  OCEAN  TROPICAL  CYCLONES 

TC  18  - 

78 

15 

MAY 

17  MAY 

TC  19  - 

78 

26 

OCT 

-  28  OCT 

TC  20  - 

78 

06 

NOV 

11  NOV 

TC  21  - 

78 

20 

NOV 

-  29  NOV 

21  20/082 


I5‘ 


^0' 


55' 


65' 


750 


COLOMBO 


BEST  TRACK  TC -20-78 
06  NOV  -  IINOV  1978 
MAX  SFC  WIND  80  KTS 
minimum  SLP  965  MBS 


MBOt^_  J 

LEGEND 


m-h  12HR  best  track  posits 

A  SPEED 
B  INTENSITY 

C  POSITION  AT  XX/0800Z 

-  typhoon 

- TROPICAL  STORM 

•••  TROPICAL  DEPRESSION 
CXJO  TRuPiCAL  DISTURBANCE 
EXTRATROPICAL 
***  DISSIPATING  STAGE 

FIRST  WARNING  ISSUED 
tV  last  WARNING  ISSUED 


TC  20-73 


A  cyclonic  wind  shift  and  decreasing 
surface  pressures  on  Sri  Lanka  were  the  first 
indications  of  the  tropical  disturbance  which 
eventually  developed  into  Tropical  Cyclone 
20-78.  Tracking  west-northwest  along  the 
monsoon  trough  axis,  the  disturbance  made 
landfall  over  the  southern  tip  of  India  66  nm 
(122  km)  east  of  Madura  at  1800Z  on  the  3rd 
of  November  1978.  Still  in  the  formative 
stage,  with  20  kt  (10  m/sec)  intensity,  the 
disturbance  tracked  westward  over  southern 
India  during  the  3rd  and  4th  with  little 
intensification.  Property  damage  was  limited 
to,  and  essentially  caused  by,  flooding  on 
the  coastal  plains. 

After  exiting  into  the  Arabian  Sea,  a 
westward  movement  at  07  kt  (13  km/hr)  and 
gradual  intensification  occurred.  Satellite 
data  at  050647Z  indicated  increased  organi¬ 
zation  and  feeder  band  activity  had  formed 
south  of  the  center.  JTWC  thus  issued  a 
Tropical  Cyclone  Formation  Alert  at  051239Z 
as  the  system  moved  into  the  Laccadive 
Islands.  During  the  5th  and  6th,  the  mid- 
tropospheric  subtropical  ridge  axis  shifted 
northward  from  16N  to  20N  allowing  TC  20-78 
to  track  more  north  of  west  from  051400Z 
through  0  8  2  C  0  0  Z . 

Increased  feeder  band  activity  and  good 
outflow  aloft  indicated  that  steady  intensi¬ 
fication  occurred  from  the  5th  through  the 
8th.  Tropical  storm  intensity  was  attained 
by  060 800 Z  with  satellite  data  revealing  an 
eye  early  on  the  7th.  As  indicated  by  satel¬ 
lite  imagery  on  the  7th  and  8th,  upper-level 
outflow  was  enhanced  by  a  channel  to  the 
strong  westerlies  existing  to  the  north  of 
the  cyclone  center.  By  080200Z,  TC  20-78  had 
reached  typhoon  intensity  according  to  the 
Dvorak  visual  satellite  intensity  analysis. 
Evaluation  of  the  cyclone's  position  and 
intensity  estimates  provided  by  the  USS 
LaSalle’s  (AGF-3>  TIROS-N  APT  satellite  data 
proved  to  be  an  invaluable  addition  to  the 
normal  DMSP  satellite  coverage  of  this  area. 

3y  the  9th  of  November,  the  mid- level 
subtropical  ridge  axis  in  the  Arabian  Sea 
was  oriented  east-west  along  19N.  Recur¬ 
vature  around  this  axis  occurred  during  the 
9th  concurrent  with  TC  20-78 's  maximum  in¬ 
tensity  of  80  kt  (41  m/sec)  at  090900Z.  TC 
20-78  then  moved  northeastward  into  an  area 


dominated  by  strong  westerlies  aloft.  The 
strong  vertical  shear  that  resulted  caused 
the  system  to  weaken  to  tropical  storm 
intensity  by  100800Z  (Fig.  3-33).  By  the 
11th,  the  strong  vertical  wind  shear  had 
reduced  the  cyclone  to  a  shallow  system 
noted  on  satellite  imagery  as  spiral  bands 
of  low  clouds  and  minimum  to  no  deep  con¬ 
vection  -  "an  exposed  low  level  circula¬ 
tion".  Continued  dissipation  caused  the 
satellite  fixes  to  decrease  in  accuracy  and 
conventional  data,  being  sparse,  aided 
little  in  pinpointing  the  center.  As  a 
result,  the  landfall  of  TC  20-78  on  north¬ 
west  India  could  only  be  approximated. 


FIGURE  3-33.  TC  10-11,  160  m  [4S2  km]  iouthwut 
KajuxchL  on  10  November  197S  at  06591.  The.  c.onc.znt>ia- 
tlon  oi  convzcXive  acttvity  to  onz  &idz  oi  the  cycZonz 
and  the  caamu  ihoMing  aruMAzctlonaZ,  appeA-aoi 
ate  typical  cyctona.  in  4>tAong,  vektical  6heaA 
moinonmcnti .  A  cyclonic  ciAculation  ii  becoming  evi¬ 
dent  in  the  orientation  of,  lou)  cloudi  over  the 
iouthem  "exposed"  portion  o^  the  cyclone.  (PMSP 
imagery  from  AFGltfC,  Offutt  AFB,  NE) 
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TC  21-78 


Tropical  Cyclone  21-78,  the  4th  cyclone 
of  the  year  in  the  north  Indian  Ocean,  pre¬ 
sented  forecast  problems  for  JTWC,  More 
importantly,  however,  the  small  country  of 
Sri  Lanka  suffered  one  of  the  worst  disasters 
in  its  history. 

Forecasting  problems  were  related,  pri¬ 
marily,  to  the  paucity  of  data  in  the  Indian 
Ocean.  Reconnaissance  aircraft  are  not  rou¬ 
tinely  tasked  on  missions  in  the  Bay  of  Bengal. 
Radar  data  is  practically  unheard  of,  and  con¬ 
ventional  data,  especially  from  ships  and 
aircraft  transitting  the  Arabian  Sea  and  Bay 
of  Bengal,  are  minimal  to  non-existent. 

Therefore,  almost  total  reliance  on  satellite 
data  is  the  rule.  Real-time  satellite  imagery 
of  this  area  is  not  available  at  JTWC. 

Data  is  received  at  AFGWC,  analyzed  and  reports 
are  sent  some  three  to  five  hours  after  data 
time.  Analysis  of  TIROS-N,  APT  satellite 
data  from  the  USS  LaSalle  was  used  to  sup¬ 
plement  fix  data. 

On  the  19th  of  November,  an  area  of  con¬ 
vective  activity  about  300  nm  (556  km)  north¬ 
west  of  Sumatra  began  to  show  increased 
organization,  and  a  Tropical  Cyclone  For¬ 
mation  Alert  was  issued  at  0705Z  on  the  20th 
of  November.  200542Z  satellite  data,  received 
from  AFGWC  just  after  the  formation  alert  was 
issued,  showed  that  a  15  nm  (28  km)  eye  had 
formed  and  the  tropical  disturbance  was  imme¬ 
diately  upgraded  to  Tropical  Cyclone  21-78  with 
maximum  winds  of  40  kt  (21  m/sec) .  The  presence 
of  an  eye  is  often  indicative  of  typhoon  inten¬ 
sity;  however,  because  TC  21-78  appeared  quite 
compact  and  also  because  satellite  intensity 
analysis  techniques  are  not  specifically  designed 
for  application  to  Indian  Ocean  cyclones ,  a 
more  conservative  40  kt  (21  m/sec)  was  deemed 
more  representative  of  the  cyclone's  true 
surface  intensity. 


migrated  eastward  into  the  Bay  of  Bengal  to 
a  position  north  of  the  cyclone.  Northerly 
500  mb  winds  reported  by  stations  along  the 


FIGURE  3-34.  Jn^WAzd  Image  oK  TC  2/-7S  at  50  ki 
126  m/4ec)  tntejuttc/  movtng  -slouiCg  towoAd  SaI- Lanka, 
21  HovmbeA  197B,  05421.  |P^(SP  tmagzAy  {^lom  AFGWC,- 
0{,()att  AF8,  H&bAoika  oi  aece-Eued  by  Wf  SuutZand, 
MaAy&and) 


west  coast  of  India  were  the  first  clue  that 
still  another  high  pressure  cell  had  devel¬ 
oped  over  the  Arabian  Sea.  TC  21-78  reached 
the  southernmost  point  of  its  track  at 
220800Z  and  thereafter  began  to  move  to  the 
west-northwest  toward  a  weakness  between  the 
Arabian  Sea  and  Bay  of  Bengal  highs. 


Even  though  synoptic  data  were  generally 
quite  sparse,  sufficient  upper-air  reports 
were  available  to  indicate  that  a  well- 
defined  mid-tropospheric  high  pressure  cell 
was  situated  over  central  India,  with  strong 
ridging  extending  eastward  over  the  Bay  of 
Bengal  to  Southeast  Asia.  500  mb  winds  over 
the  east  Indian  coast  were  from  the  northeast 
at  25  to  30  kt  (13  to  15  m/sec)  at  that  time. 
Iriitial  forecasts  showed  TC  21-78  tracking 
slightly  north  of  west,  then  west.  It  was 
reasoned  that  the  west-northwest  track  would 
be  forced  more  westward  as  the  cvclone  came 
under  the  influence  of  mid- level  northeasterly 
steering  flow  nearer  the  Indian  coast. 


The  system  continued  to  intensify  and 
made  landfall  on  the  east  coast  of  Sri  Lanka, 
near  Batticaloa,  with  maximum  sustained  winds 
of  95  kt  (49  m/sec),  at  231400Z.  At  231200Z, 
Batticaloa  had  reported  a  surface  wind  of 
85  kt  (44  M/sec)  from  the  north,  TC  21-78 
crossed  Sri  Lanka  in  slightly  over  12  hours 
and  exited  into  the  Gulf  of  Mannar  (near  the 
city  of  Mannar)  on  Sri  Lanka's  west  coast 
(Fig.  3-35). 


With  max  winds  reduced  to  45  kt  (23  m/sec) 
due  to  the  terrain  effects  of  Sri  Lanka,  the 


India  north  of  Tuticorin  weakening  still 
further  to  30  kt  (15  m/sec) ,  before  it  moved 
into  the  Arabian  Sea  north  of  Cochin. 


The  mid- level  northeasterlies  apparently 
extended  considerably  further  into  the  Bay 
of  Bengal  than  analyzed,  because  TC  21-78 
actually  moved  west-southwest  at  5  to  7  kt 
(9  to  13  km/hr)  for  the  next  48  hours  (Fig. 
3-34) ,  continued  to  intensify  slowly  and 
reached  typhoon  intensity  by  220800Z 
November . 

During  the  subsequent  48-hour  period, 
the  high  pressure  cell  over  central  India 


From  240000Z  to  280000Z  a  basic  north¬ 
westward  track  was  evident.  The  key  to 
understanding  this  movement  can  be  found  by 
examining  the  500  mb  analyses  during  that 
period.  The  high  pressure  cell  that  was 
over  the  Arabian  Sea  moved  eastward  into 
central  India,  then  shifted  east-southeast¬ 
ward  into  the  Bay  of  Bengal.  500  mb  reports 
from  Sri  Lanka  and  southern  India  at  25i200Z 
showed  20  to  25  kt  (10  to  13  m/sec)  winds 
from  the  southeast,  which  supported  the 
cyclone's  northwest  movement. 
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TC  21-78  did  not  reintensify  signifi¬ 
cantly  after  its  passage  across  Sri  Lanka 


once  it  was  again  over  warm  water,  but  re¬ 
intensification  was  slight  and  the  system 
never  again  developed  above  tropical  storm 
strength.)  By  270600Z  the  cyclone's  upper 
level  center  began  to  shear  off  from  its 
surface  center  and  satellite  data  revealed 


only  low-level  cloudiness  signifying  a  low- 
level  circulation.  Warnings  continued  on 
the  cyclone  until  290800Z  because  it  was  felt 
that  regeneration  was  still  possible.  By  the 
29th,  satellite  data  indicated  that  TC  21-78 
had  weakened  to  the  point  that  it  was  no 
longer  a  significant  tropical  circulation. 


TC  21-78  was  one  of  the  most  destructive 
storms  of  the  year  in  either  the  Indian 
Ocean  or  West  Pacific.  Approximately  one 
thousand  people  were  killed  and  thousands 
of  acres  of  crops  were  destroyed  in  Sri 
Lanka  by  the  cyclone’s  winds,  rain,  and 
associated  storm  surge.  In  southern  India 
only  10  people  were  killed;  however,  eighteen 
to  twenty-five  foot  waves  produced  by  the 
storm  surge  submerged  45  villages.  Luckily, 
because  of  ample  advance  warning,  the  in¬ 
habitants  were  evacuated  in  time. 


FIGURE  3-35.  TC  21-78  locatzd  ovzn.  nonXh-czntMUi 
SaZ- Lanka,  24  hlovembeA  1978,  01182.  (VUSP  AjnaQeay 

iJinm  AFfilJjP  AFR  Ui>hi/iAhfi) 

O'"’' . ..  w- , 
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3.  CENTRAL  NORTH  PACIFIC  TROPICAL  CYCLONES 

The  Central  Pacific  Hurricane  Center 
(CPHCJ  personnel  saw  1978  as  the  most  active 
tropical  cyclone  year  on  record  for  their 
area  of  responsibility  (north  of  the  equator 
from  140W  to  180) .  Table  3-9  details  the 
seven  tropical  cyclones  that  either  formed  in 
the  central  Pacific  area  or  moved,  in  from  the 
eastern  Pacific  area.  Table  3-10  shows  the 
central  Pacific  .tropical  cyclone  "season"  is 


well-defined  and  that  1978  was  a  record  year 
for  the  number  of  tropical  storms  and  hur¬ 
ricanes.  This  season  not  only  set  a  record 
number  of  occurrences  but  also  produced  a 
cyclone  with  an  exceptional  length  of  travel 
and  persistence  of  hurricane  intensity  (Fico) , 
as  well  as  one  of  the  two  most  intense  hur¬ 
ricanes  on  record  in  the  central  Pacific 
(Susan) ,  Table  3-11  is  a  warning  summary  for 
the  central  North  Pacific. 


1  TABLE  3-9. 

CENTRAL  NORTH 

PACIFIC 

1978 

SIGNIFICANT 

TROPICAL  CYCLONES 

CALENDAR 

MAX 

MIN 

DAYS  OF 

SFC 

OBS 

NO.  Q] 

F  WARNINGS 

1  ^Y'^LONE  TYPE 

NAME 

PRD  OF  WARNING* 

WAKNING 

WIND 

SIJ 

TOT^ 

AS  HU 

07 

HU 

FICO 

17  JUL  -  28  JUL 

12 

100 

955 

43 

39 

1  lOA**  TD 

TD  lOA 

07  AUG  -  09  AUG 

3 

30 

11 

- 

12 

HU 

JOHN 

23  AUG  -  31  AUG 

9 

90 

965 

31 

8 

13 

TS 

KRISTY 

26  AUG  -  28  AUG 

3 

50 

- 

11 

- 

14 

TS 

LANE 

20  AUG  -  24  AUG 

5 

50 

IS 

- 

15 

TS 

MIRIAM 

28  AUG  -  01  SEP 

5 

55 

- 

18 

- 

30** 

HU 

SUSAN 

18  OCT  -  24  OCT 

7 

120 

954 

24 

15 

1978  TOTALS 

35*** 

156 

62 

* 

Warning  period  while  in 

central  Pacific  area. 

■k* 

Cyclones  that 

formed  in 

the  central  Pacific  area;  all  others  began 

in  the 

eastern  : 

Pacific  area. 

Tropical  Depression  lOA 

was  given  the  "A"  suffix  to  clarify 

its  individuality  when  Tropical 

Depression  10 

formed  in 

the  eastern  Pacific  area. 

*** 

Overlapping 

days  included  once  in  sum. 

TABLE  3-10. 

FRBQUIMCY  OF  CENTRAL  PACIFIC  STORMS  BY  NENIH  AND  YEAR 

(NUMBERS  IN  PARIHTHESES 

INDICAOE  sraws  REACHING  HURRICANE  INTENSITY) 

YEAR 

JAN 

FEB 

MAR 

APR 

MAY 

JUN  JUL 

ADG 

SEP 

OCT 

NOV 

DEC 

TOTAL 

1967 

0 

0 

0 

0 

0 

0  0 

0 

0 

1 

0 

0 

1 

1968 

0 

0 

0 

0 

0 

0  0 

2 

0 

0 

0 

0 

2 

1969 

0 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

0 

0 

1970 

0 

0 

0 

0 

0 

0  0 

1 

0 

0 

0 

0 

1(1) 

1971 

0 

0 

0 

0 

0 

0  1(1) 

1 

0 

0 

0 

0 

2(1) 

1972 

0 

0 

0 

0 

0 

0  0 

3(1) 

1 

0 

0 

0 

4(1) 

1973 

0 

0 

0 

0 

0 

0  1(1) 

0 

0 

0 

0 

0 

1(1) 

1974 

0 

0 

0 

0 

0 

0  0 

2(1) 

0 

0 

0 

0 

2(1) 

1975 

0 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

0 

0 

1976 

0 

0 

0 

0 

0 

0  0 

0 

1(1) 

0 

0 

0 

1(1) 

1977 

0 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

0 

0 

1978 

0. 

0 

0 

0 

0 

0  1(1) 

4(1) 

0 

1(1) 

0 

0 

6(3) 

AVERAGE 

(1967-78) 

0 

0 

0 

0 

0 

0  .3(.3) 

1.1(.3) 

.2(.l) 

.2(.l) 

0 

0 

1.8(.8) 
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TABLE  3-11. 


WARNING  SUM^Ry 


umvikAL  NOkiH  PACj-c  IC 


1978 


AVERAGE 

1971-1977 


TCOAL  NUMBER  OF 

WARNINGS  156  30 


NUMBER  OF  WARNING 

DAYS  35  9 


NUMBER  CF  WARNING  DAYS 


T.TTrmj  O 


NUMBER  OF  WARNING  DAYS 

WITH  3  OR  MORE  CYCDCNES  1  0 


TROPICAL  DEPRESSIONS 


1 


1 


TROPICAL  STORMS 


3 


1 


miRRICANES 


3 


1 


TCTAL  TROPICAL  CYdXNES  7 


Hurricane  Fico,  9-23  July,  was  the 
longest  lived  and  most  intense  eastern  Paci¬ 
fic  cyclone  of  historical  record.  Fico 
reached  hurricane  strength  at  111  degrees 
v;est  longitude  and  maintained  winds  in  ex¬ 
cess  of  65  kt  (33  m/sec)  for  18  days  while 
traveling  4,200  miles  {6758  km)  westward  to 
176W,  near  Midway  Island.  Although  Fico's 
maximum  intensity  of  115  kt  (59  m/sec) 
occurred  just  prior  to  entering  the  central 

Pacific  (140W)  ,  Hurricane _Susan^, _ in  October 

attained  winds  of  120  kt_ {62  m/^ec)  while 
360  miles  (579  km)  southeast  of  Hilo,  Hawaii, 
making  her  the  strongest  tropical  cyclone 
ever  observed  near  the  Hawaiian  Islands. 

Hurricane  John  and  Tropical  Storm  Kristy 
were  named  .at  the  same  time,  0000  GMT,  19 
August  1978,  while  in  the  eastern  Pacific. 

At  this  time  Tropical  Storm  Lane  was  centered 
further  west  than  the  others ,  thereby  ex¬ 
plaining  why  it  entered  the  central  Pacific 
out  of  alphabetical  order. 

GOES- 3  imagery  (Fig,  3-36)  depicts  three 
cyclones;  John,  Kristy,  and  Miriam.  At  the 
tilue  of  fills  satolllts  John  WS-S 

at  tropical  storm  intensity  and  subsequently 


weakened  further  and  meandered  west-south- 
westward  to  170W. 

With  the  demise  of  Tropical  Storm  Miriam, 
the  Honolulu  staff  felt  that  the  central 
Pacific  season  was  likely  over.  But  on  the 
18th  of  October,  a  suspicious  area  southeast 
of  Hawaii  rapidly  developed  into  a  full- 
fledged  tropical  storm.  This  was  the  capri¬ 
cious  Susan,  the  last  storm  of  the  season. 
Susan  attained  tropical  storm  intensity  at 
precisely  th^  same  location  where  the  first 
eastern  Pacific  storm  of  the  season,  to 
threaten  the  central  Pacific  area.  Bud,  dis¬ 
sipated;  near.  10N-145W.  Continuing  to  inten¬ 
sify,  by  the  21st,  Susan  became  one  of  the 
two  most  intense  hurricanes  on  record  in  the 
central  Pacific.  Maximum  sustained  winds  of 
120  kt  (62  m/sec)  equaled  those  attained  by 
Celeste  in  August  of  1972.  Figure  3-37  de¬ 
picts  Susan  at  220016Z  during  peak  intensity 
while  a  very  real  threat  to  the  Hawaiian 
Islands.  After  reaching  a  point  220  nm 
(408  km)  southeast  of  the  Big  Island,  however 
Susan  turned  sharply  to  the  southwest,  very 
rapidly  dissipated,  and  luckily  the  Hawaiian 
Islands  were  once  again  spared. 

An  individual  summary  of  Hurricane  Fico 
follows. 
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FIGURE  3-36.  Tn.opic.al  Siam  John  {dourngnadcd  inom  fiun/Ucanc  John)  ii  ccnt&n&d  240  nm  {417  km]  iouZh-ioatlwut 
o{,  Sooth  Point,  Hamii.  Kniity,  downgraded  to  a  tnopicaZ  diituAbancz,  600  m  [1120  fern)  ea6-t-nor^feea4i  0)5  HiLo, 
Hawaii,  and  TnopicaZ  Stonm  Hiniam  925  nm  (1714  1^)  iootkca&t  HiZo,  Hawaic,  27  Augint  197S,  23I5Z. 

(GOES  imag&ny  ^nom  SPSS,  HonoZuiu,  Hawaii]  '' 
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FIGURE  3-37.  HuAAU.c.ane.  Siaan  at  120  kt  (62  mAec)  majumiun  tntZM>JUbj,  22  October  ]97t,  00161,  (GOES  imoQVuj  j{-tom 
SPSS,  Honolulu,  HawcUt) 
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LEGEND 

-  HURRICANE 

- TROPICAL  STORM 

•••  TROPICAL  DEPRESSION 
OOO  TROPICAL  DISTURBANCE 
EXTRATROPICAL 
***  DISSIPATING  STAGE 
I  T  ' — ' — t  ■■  1 . ■■  '  I  ^ 


CENTRAL  PACIFIC 
TROPICAL  DEPRESSION/STORMS 
TD-lOA  07  AUG  -  09  AUG 
LANE  19  AUG  -  24  AUG 
MIRIAM  24 AUG  -  01  SEPT 


HURRICANE  FICO 


Hurricane  Fico  entered  the  Central 
Pacific  at  16K-140W  on  17  July  1978  with 
maximum  sustained  winds  near  80  kt  (41 
m/sec) .  Fico  attained  a  maximum  intensity 
of  115  kt  (59  m/sec)  while  still  in  the 
Eastern  Pacific  east  of  140W,  Fico  pro¬ 
ceeded  along  the  16th  parallel  to  a  point 
due  south  o£  South  Point,  Hawaii.  u.  S. 

Air  Force  aircraft  and  satellite  reconnais¬ 
sance  and  NESS  satellite  imagery  showed  a 
steady  increase  in  Fico's  intensity  during 
its  travel  from  140W  to  its  position  south 
of  South  Point. 

Surf  due  to  open  ocean  swell  from  Fico 
began  to  rise  on  the  18th,  with  some  beach 
road  flooding  along  the  southeast  coast  of 
the  Big  Island  when  Fico  was  500  nm  (927 
km)  to  the  southeast.  Higher  than  normal 
surf  at  this  time  was  also  enhanced  by 
southerly  swell  from  a  southern  hemisphere 
storm.  By  the  morning  of  the  19th,  Civil 
Defense  officials  reported  30  foot  (9.1  m) 
surf  breaking  well  offshore  with  smaller 
15  to  20  foot  (4.6  to  6.1  m)  short  period 
surf  doing  considerable  damage  to  beach¬ 
front  homes  and  roads  on  the  Big  Island. 
Eight  to  12  foot  (2.4  to  3.7  m)  surf  was 
observed  on  Eastern  Maui  by  noon  of  the 
19th,  with  water  over  roads  but  no  damage 


reported.  Very  short  period  surf  of  simi¬ 
lar  heights  reached  southern  Oahu  and 
southern  Kauai  on  the  following  day. 


On  July  20  (Fig.  3-38) ,  the  hurricane 
was  175  nm  (324  km)  south-southeast  of 
South  Point  with  maximum  sustained  winds  of 
100  kt  (51  m/sec) .  Late  on  the  20th,  Fico 
began  moving  northwestward  and  maintained 
100  kt  (51  m/sec)  winds  until  190  nm  (325 
l:m)  due  south  of  Kauai.  A  strong  trade 
wind  gradient,  increased  by  the  proximity  of 
Fico,  caused  strong  gusty  winds  over  all 
the  Hawaiian  Islands  with  numerous-  reports 
of  50  kt  (26  ro/sec)  or  more,  accompanied  by 
falling  trees  and  power  line  outages. 


Fico  maintained  hurricane  intensity 
for  17  days  and  was  tracked  by  the  Honolulu 

jav»/^  Car^ 


forecast  offices  (with  much  support  from 
respective  NESS  units)  for  approximately 
5000  nm  (9266  km).  The  effects  of  Fico 
were  felt  during  and  after  extratropical 
transition;  remnants  of  Fico,  enmeshed  in  a 
strong  cold  frontal  system,  inflicted  heavy 
rain  and  up  to  40  kt  (21  m/sec)  winds  on 
ships  southeast  of  Cold  Bay  in  the  Aleutians 
on  July  31. 


FIGURE  3-38.  HiMucane.  ¥.ai.o.  threatening  Hauxxii,  20  JaZy  1978,  01152. 
{GOES  imagery  irom  SESS,  Honoiuiu,  HI] 
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CHAPTER  IV  -  SUMMARY  OF  FORECAST  VERIFICATION 


1.  ANNUAL  FORECAST  VERIFICATION 


a.  Western  North  Pacific  Area 

Forecast  positions  at  warning  times 
and  24-,  48-  and  ?2-hour  valid  times  ware 
verified  against  corresponding  best  tracks 
and  vector  errors  and  right  angle  errors  were 
calculated  (Table  4-1) .  Annual,  mean  errors 
are  listed  in  Table  4-2  for  comparison.  Fre¬ 
quency  distributions  of  the  vector  errors  of 


the  24-,  48-  and  72-hour  forecasts  on  all 
1978  cyclones  are  shown  in  Figure  4-1  and 
annual,  mean  vector  errors  are  graphed  in 
Figure  4-2.  Previous  reports  have  shown  a 
graph  of  the  annual ,  mean  vector  errors  for 
typhoons  when  best  track  intensity  at  verify¬ 
ing  time  was  35  kt  or  greater.  This,  subset, 
error  graph  is  shown  in  Figure  4-3.  Mean 
vector  errors  shown  in  Figure  4-3  are  lower 
than  those  depicted  in  Figure  4-2;  nonethe¬ 
less,  similar  trends  are  evident  from  year  to 
year. 


TABLE  4-1.  FORECAST  ERROR  SUMMARY  FOR  THE  1978  WESTER!^  NORTH  PACIFIC  SIGNIFICANT  TROPICAL  CYCLONES. 


WARNING 

24  HOUR 

48  HOUR 

72  HOUR 

POSIT 

RT  ANGLE 

# 

FCST 

RT  ANGLE 

# 

FCST 

RT  ANGLE 

FCST 

RT  ANGLE 

n 

CYCLONE 

ERROR 

ERROR 

WRNG5 

ERROR 

ERROR 

WRNGS 

ERROR 

ERROR 

WRNGS 

ERROR 

ERROR 

WRNGS 

1.  TS  NADINE 

23 

15 

20 

185 

109 

16 

568 

381 

12 

980 

70S 

8 

2.  OLIVE 

14 

10 

36 

100 

62 

32 

224 

129 

26 

328 

215 

20 

3.  TS  POLLY 

16 

10 

16 

93 

50 

12 

139 

93 

8 

208 

97 

? 

4 .  TS  ROSE 

37 

21 

7 

235 

142 

3 

5.  TS  SHIRLEY 

24 

15 

3 

6.  TY  TRIX 

21 

17 

38 

174 

122 

35 

425 

298 

30 

657 

531 

24 

7.  TY  VIRGINIA 

20 

12 

43 

112 

63 

39 

231 

127 

35 

399 

283 

31 

8.  TY  WENDY 

21 

12 

40 

112 

75 

36 

235 

188 

30 

328 

ise 

30 

9.  TS  AGNES 

10 

7 

22 

97 

59 

19 

243 

191 

12 

410 

309 

3 

XO.  TS  BONNIE 

31 

20 

6 

121 

36 

4 

IX.  TY  CARMEN 

19 

10 

36 

124 

56 

30 

250 

129 

19 

429 

266 

12 

12.  TS  DELLA 

29 

20 

10 

116 

73 

6 

217 

131 

2 

13.  TD-14 

25 

23 

6 

169 

127 

2 

14.  TY  ELAINE 

22 

15 

20 

132 

77 

16 

278 

157 

12 

263 

174 

8 

15.  TY  FAYE 

15 

12 

44 

158 

113 

40 

360 

285 

36 

514 

396 

29 

16.  TS  GLORIA 

21 

13 

11 

13B 

79 

7 

496 

331 

3 

17.  TS  HESTER 

34 

17 

9 

198 

28 

5 

300 

52 

1 

18-  TY  IRMA 

14 

12 

15 

92 

44 

12 

134 

31 

8 

154 

67 

4 

19.  TY  JUDY 

19 

12 

18 

127 

51 

14 

242 

131 

10 

346 

185 

6 

20.  TS  KIT 

32 

16 

21 

165 

84 

18 

231 

134 

10 

295 

210 

7 

21.  TY  LOLA 

13 

9 

34 

54 

40 

30 

112 

79 

26 

134 

88 

17 

22-  TY  MAMIE 

25 

14 

18 

132 

66 

14 

386 

143 

10 

722 

327 

6 

23.  TS  NINA 

19 

16 

35 

120 

94 

31 

240 

212 

27 

382 

340 

22 

24.  TY  ORA 

19 

14 

21 

124 

99 

17 

314 

239 

11 

460 

391 

5 

2'>.  TD-26 

40 

10 

7 

218 

22 

4 

26.  TD-27 

38 

30 

6 

175 

168 

3 

27.  TY  PHYLLIS 

22 

13 

28 

132 

86 

24 

263 

198 

20 

436 

377 

15 

28,  ST  RITA 

15 

10 

51 

107 

60 

47 

214 

114 

43 

301 

157 

39 

29.  TS  TESS 

29 

21 

20 

108 

53 

16 

194 

127 

12 

367 

237 

B 

30.  TD-32 

50 

33 

12 

133 

108 

9 

401 

349 

5 

973 

871 

1 

31.  TY  VIOLA 

19 

10 

29 

96 

51 

25 

269 

172 

21 

434 

338 

17 

32.  TS  WINNIE 

34 

16 

12 

238 

81 

8 

614 

274 

4 

ALL  FORECASTS 

21 

13 

696 

127 

75 

574 

271 

179 

435 

410 

297 

304 

TABLE  4-2. 

ANNUAL  MEAN  FORECAST 

ERRORS  FOR 

THE  WESTERN  NORTH 

PACIFIC 

24-HR 

48- HR 

72-HR 

YEAR 

VECTOR 

RIGHT  ANGLE 

VECTOR 

RIGHT  ANGLE 

VECTOR 

RIGHT  ANGLE 

1970 

104 

- 

190 

279 

_ 

ly7i 

JTT 

64 

2X2 

1X8 

317 

177 

1972 

117 

72 

245 

146 

381 

210 

1973 

108 

74 

197 

134 

253 

162 

1974 

120 

78 

226 

157 

348 

245 

1975 

138 

84 

288 

181 

450 

290 

1976 

117 

71 

230 

132 

338 

202 

1977 

148 

83 

283 

157 

407 

228 

1978 

127 

75 

271 

179 

410 

297 

1  JTWC 

78 


FIGURE  4-1.  FA.e.qaznc.^  dlit^bution  197S  24-,  4S-,  and  12-hoan.  {jOfizcjcat  vzcXc^  ZAfiou  {,0K  aZJi  i^iguci^icuint 
tAop^icat  cyclonu  in  tkz  mutz/in  NoAth  Pacific. 
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FIGURE  4-2.  Annual  mean  vector.  eAAou  [mit)  ioA.  all  cyclonzi  In 
the  ueitean  HoAth  Paclilc. 


FIGURE  4-3.  Annual  mean  vectoA  eAUOAi  {wn)  ioA  weAteAn  UoAth  Paddle 
typlwoM  only  when  beit  tAaek  inten^ltlei  weae  gAeateA 
than  34  knoti  at  time  vexiilcatlan. 
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Intensity  verification  statistics 
for  all  significant f  tropical  cyclones  in  the 
western  North  Pacific  area  are  depicted  in 
Figures  4-4  and  4-5.  The  average  absolute 
magnitude  of  the  intensity  error  as  well  as 
the  intensity  bias  (algebraic  average)  are 
graphically  depicted.  An  analysis  of  the 
errors  indicates  that  JTWC  intensity  fore¬ 
casts  often  lag  the  true  intensity;  in  an 
intensifying  situation,  JTWC  underforecasts, 
and  in  a  weakening  situation,  JTWC  over- 
forecasts  thereby  causing  large  average  mag¬ 
nitude  error  but  small  average  bias.  Objec¬ 
tive  intensity  forecasting  aids  verification 
is  also  depicted  in  Figures  4-4  and  4-5. 

(An  explanation  of  the  objective  forecasting 
aids  can  be  found  in  this  chapter.  Section  2 
-  Comparison  Of  Objective  Techniques.)  It 
is  interesting  to  note  that  the  objective 
intensity  forecasting  aids  consistently  over¬ 
forecast  by  approximately  10  knots. 


FIGURE  4-4.  ComptWtAow  asjzAjiQZ  tnienittg  vuiofti 
[mgrutadz]  ^oA.  aZZ  zycZonu  hn.  thz  wz&tzAn  NoAth 
Pa<U^.cc. 


FIGURE  4-5.  CompaAUon  a\)eAagt  Znizmlty  cAAo/u 
(bAdizsl  att  cijcZonu  in  thz  wz&tzAn  IloAtk  Paci-^ic, 


b.  North  Indian  Ocean  Area 

Forecast  postions  at  warning  times 
and  24-  and  48-hour  valid  times  were  verified 
by  the  same  methods  used  for  the  western 
North  Pacific  area  verification.  Table  4-3 
is  the  forecast  error  summary  for  the  four 
significant  tropical  cyclones  in  the  North 
Indian  Ocean  area.  Table  4-4  contains  the 
annual  average  of  forecast  errors  back 
through  1971.  Vector  errors  are  plotted  in 
Figure  4-6. 

Forecast  intensities  were  not  veri¬ 
fied. 


TABLE  4-3. 

FORECAST 

ERROR  SUMMARY  FOR  THE 

WARNING 

1978  NORTH  INDIAN 

24  HOUR 

OCEAN  SIGNIFICANT 

TROPICAL  CYCLONES. 

48  HOUR 

CYCLONE 

POSIT 

ERROR 

RT  Angle 

ERROR 

WRNGS 

FCST 

ERROR 

RT  ANGLE 

error 

WRNGS 

FCST 

ERROR 

RT  Angle 

ERROR 

# 

WRNGS 

18-78 

55 

51 

4 

88 

41 

3 

78 

45 

1 

19-78 

35 

25 

7 

203 

183 

3 

20-78 

54 

25 

12 

165 

101 

9 

205 

102 

5 

21-78 

31 

18 

16 

104 

62 

13 

213 

147 

11 

ALL  FORECASTS 

41 

25 

39 

133 

36 

28 

202 

128 

17 

JTWC 


JTWC 


FIGURE  4-6.  AnnuoZ  myum  vzcto^  eAXOu  (nm)  iox  all  c.ycJionz&  In  thz  NoAth  Indian  Ocean. 
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2,  COMPARISON  OF  OBJECTIVE  TECHNIQUES 

a.  General 

Objective  techniques  employed  by 
JTWC  are  divided  into  four  main  categories: 

(1)  climatological  and  analog  techniques; 

(2)  extrapolation;  (3)  steering  techniques; 
and/  (4)  a  dynainical  mod^l,  TuG  analoy  tGCh*" 
nique  provides  three  movement  forecasts,  one 
for  straight  moving  cyclones,  one  for  re¬ 
curving  cyclones  and  one  combining  the  tracks 
of  straight,  recurving  and  cyclones  that  do 
not  meet  the  criteria  of  straight  or  recurv¬ 
ing  analogs.  All  techniques  were  executed 
using  the  operational  data  available  at  the 
warning  time- 

b.  Description  of  Objective  Techniques 

(1)  TyFK75  -  Analoy  pxOyrarri  which 
scans  history  tapes  for  cyclones  similar 
{within  a  specified  acceptance  envelope)  to 
the  current  cyclone.  Three  24-,  48-,  and 
72-hour  position  and  intensity  forecasts  are 
provided. 


(2)  MOHATT  700/500  -  Steering  pro¬ 
gram  which  advects  a  point  vortex  on  a  pre¬ 
selected  analysis  and  smoothed  prognostic 
fields  at  designated  levels  in  6-hour  time 
steps  through  72  hours.  Utilizing  the  pre¬ 
vious  12 -hour  history  position,  MOHATT  com¬ 
putes  the  12-hour  forecast  error  and  applies 
a  bias  correction  to  the  forecast  position. 

(3)  TCM  -  Tropical  Cyclone  Forecast 
Model  is  a  coarse  mesh  (220  km)  PE  Model, 
with  the  digitized  storm  warning  position 
bogused  at  the  850  mb  level  of  the  FNWC 
Global  Band  Analysis  utilizing  wind  and 
temperature  fields.  Boundary  conditions 
permit  no  mass  transfer  across  north  or 
south  walls,  and  east/west  boundaries  are 
cyclical . 


(4)  PCSTINT  -  Intensity  forecast 
program  which  utilizes  statistical  regres¬ 
sion  equations  to  provide  24-,  48-,  and  72- 
hour  forecast  intensities. 

(5)  12-HR  EXTRAPOLATION  -  A  track 
through  current  warning  position  and  12-hour 
old  preliminary  best  track  position  is 
linG33rly  cxtirspolstsd  to  24  Gnci  48  hour's* 

(6)  HPAC  -  Mean  24  and  48  hour  fore¬ 
cast  positions  are  derived  by  averaging  the 
24  and  46  hour  positions  from  the  12-Kh 
EXTRAPOLATION  track  and  a  track  based  on 
climatology. 

(7)  INJAH74  -  Analog  program  for 
North  Indian  Ocean.  Similar  to  TYFN75, 
except  tracks  are  not  segregated. 

(s\  mvam  _  nr.  i,r.a  =  4-.=.a  „ — _ _ 

which  combines  TYPN75,  INJAH74,  and  other 
analog  programs  for  the  remaining  northern/ 
southern  Pacific  Ocean  areas  and  the  South 
Indian  Ocean. 

(9)  CYCLOPS  -  An  updated  version  of 
MOHATT  program  which  has  the  capability  to 
select  steering  forecasts  at  the  1000,  850, 
700,  500,  400,  300  and  200  mb  levels. 

c.  Testing  and  Results 

A  comparison  of  selected  techniques 
is  included  in  Table  4-5  for  all  western 
Pacific  cyclones  and  Table  4-6  for  Indian 
Ocean  cyclones.  In  Tables  4-5  and  4-6 
"X-AXIS"  refers  to  techniques  listed  hori- 
zontally  across  the  top,  while  "Y-AXIS" 
refers  to  techniques  listed  vertically.  The 
example  in  Table  4-5  compares  COMB  to  MII70. 
In  the  407  cases  available  for  comparison 
the  average  24-hour  vector  error  for  COMB 
was  139  nm,  while  that  for  MH70  was  140  nm. 
The^  difference  of  1  nm  is  shovm  in  the  lower 
riglit.  (Differences  are  not  ^ways  exact 
due  to  computational  round  off.) 
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JTWC 


INJA 


MH70 


XTEP 


HPAC 


JTWC 

INJA 

MII70 

MH5;3 

XTRP 

HPAC 


JTWC 

INJA 

MH70 

MH50 

XTRP 

HPAC 


24-HOUR 

MH50 


28  133 


133 

0 

number 

X-AXIS 

20 

135 

23 

132 

OF 

TECHNIQUE 

117 

-18 

132 

0 

CASES 

ERROR 

9 

128 

8 

122 

10 

219 

Y-AXIS 

ERROR 

222 

95 

245 

123 

219 

0 

TECHNIQUE 

DIFFERENCE 

error 

Y-X 

7 

131 

6 

117 

7 

236 

7  251 

251 

120 

282 

165 

251 

15 

251  0 

25 

119 

22 

128 

9 

203 

6  231 

28 

151 

137 

18 

159 

31 

133 

-69 

109  -123 

151 

0 

22 

117 

18 

119 

6 

246 

3  331 

24 

144 

24  123 

114 

-1 

124 

5 

134 

-111 

105  -225 

123 

-20 

123  0 

48-HOUR 


JTWC 

INJA 

MH70 

MH50 

XTRP 

HPAC 

17 

202 

1 

202 

0 

JTWC 

-  OFFICIAL  JTWC  FORECAST 

INJA 

-  ANALOG 

11 

194 

14 

231 

MH70 

-  MOHATT 

700-MB  PROG 

202 

8 

231 

0 

MH50 

-  MOHATT 

500-MB  PROG 

XTRP 

-  12-HOUR 

EXTRAPOLATION 

3 

99 

3 

270 

4 

224 

HPAC 

-  MEAN  OF 

XTRP  AND  CLIMATOLOGY 

149 

49 

263 

—6 

224 

0 

3 

168 

3 

310 

3 

279 

4 

243 

246 

78 

270 

-39 

186 

-93 

243 

0 

16 

200 

13 

214 

3 

149 

3 

246 

19  286 

244 

44 

298 

85 

304 

155 

330 

84 

286  0 

15 

205 

12 

211 

2 

82 

2  287 

18  276 

18  221 

191 

-13 

225 

13 

88 

6 

201 

-85 

221  -54 

221  0 

TABLE  4-6. 
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CHAPTER  V  -  RESEARCH  &  DEVELOPMENT  SUMMARY 


1.  GENERAL. 

Part  of  the  mission  of  the  Joint 
Typhoon  Warning  Center  is  to  conduct  applied 
tropical  cyclone  research  as  time  and  re¬ 
sources  permit;  the  objective  of  this 
research  being  the  improvement  of  opera¬ 
tional  forecasts.  This  year,  due  to  the 
installation  of  the  Naval  Environmental 
Display  Station  (NEDS) ,  the  JTWC  Staff 
devoted  considerable  time  and  effort  in  con¬ 
verting  and  updating  operational  programs 
and  streamlining  operational  procedures  for 
compatibility  with  the  NEDS.  The  following 
abstracts  summarize  the  year's  research  and 
development  projects  completed  or  still  in 
progress . 


PRESSURE  -  MAXIMUM  SUSTAINED  WIND 
RELATIONSHIP 


(Shewchuk,  J.  D  and  Lubeck,  O.  M. , 
FLEWEACEN/JTWC) 


4.  OBJECTIVE  TROPICAL  CYCLONE  INITIAL 
POSITIONING  WITH  A  WEIGHTED  LEAST 
SQUARES  ALGORITHM 

(Lubeck,  0.  M.  and  Shewchuk,  J.  D. , 
FLEWEACEN/JTWC) 

Recent  studies  indicate  tropical 
Cyclone  forecast  errors  through  72  hours 
can  be  reduced  by  more  accurate  initial 
warning  position  estimates.  This  study 
is  an  attempt  to  develop  an  objective  and 
standardized  method  of  determining  initial 
position  based  on  all  available  fix  infor¬ 
mation  and  their  respective  accuracies. 

The  method  employed  is  a  least  squares  fit 
to  the  available  fix  data  with  a  weighting 
scheme  which  is  inversely  proportional  to 
the  stated  fix  accuracies.  This  method 
can  also  be  extended  to  objectively  deter¬ 
mine  tropical  cyclone  best  tracks . 

5.  ESTABLISHMENT  OF  THE  JTWC  TROPICAL 
CYCLONE  DATA  BASE 


The  pressure-wind  relationship  devel¬ 
oped  by  Atkinson  and  Holliday,  Tropical 
pypT_ori0  Mj.n.i.iRxini  S03.  IjsvgI.  PysssiurB  M^xiitiuin 
Sustained  Wind  Relationship  for  Western 
North  Pacific  (FLEWEACEN  TECH  NOTE;  JTWC 
75—1)  ;  is  a  primary  tropical  cyclone  inten¬ 
sity  determination  tool  used  for  JTWC  opera¬ 
tions.  The  current  research  is  an  attempt 
to  update  and  refine  the  Atkinson  and 
Holliday  study  using  the  original  data  plus 
new  data  from  1975  to  present.  The  current 
regression  equation  will  be  re-evaluated 
using  new  cases  as  an  independent  data  set. 

3.  EQUIVALENT  POTENTIAL 
TEMPERATURE/MINIMUM  SEA  LEVEL  PRESSURE 
RELATIONSHIPS  TO  FORECASTING  TROPICAL 
CYCLONE  INTENSIFICATION 


(Curry,  W.  T.,  FLEWEACEN/JTWC) 

A  data  base  of  climatological  data 
related  to  each  tropical  cyclone  in  the 
western  North  Pacific,  Arabian  Sea  and  Bay 
of  Bengal  from  1966  through  1978  is  being 
established  on  FNWC  computer  mass  storage 
systems.  Included  are  6-hour  best  track 
positions  (intensities,  direction  and 
speed  of  movement);  24-,  48-,  72-hour  ob¬ 
jective  technique  forecasts  and  official 
forecasts  of  JTWC;  and  tropical  cyclone  fix 
data  (position,  intensities,  platform,  etc.) 
This  data  will  be  maintained  on  disk  and 
tape  files  at  FNWC  Monterey,  California  and 
updated  annually. 

6.  NEDS/COMPUTER  APPLICATIONS 


(Hassebrock,  A.  W.  and  Dunnavan,  G. , 
FLEWEACEN/JTWC) 

The  relationship  between  equivalent 
potential  temperature  at  700  mb  in  the  cen¬ 
ter  of  developing  tropical  cyclones  and 
associated  intensity  changes  was  first 
explored  by  Sikora  (ATR  1975)  with  a  follow- 
on  study  by  Milwer  (ATR  1976) .  These  two 
studies  produced  conflicting  results,  but  a 
subsequent  study  by  Hassebrock  (ATR  1977) 
showed  that  there  was  a  relationship  between 
changes  in  equivalent  potential  temperature 
and  subsequent  changes  in  tropical  cyclone 
intensity.  The  tropical  cyclones  of  1976-78 
have  been  used  to  evaluate  the  relationship 
and  there  is  evidence  that  the  techniques 
developed  by  Hassebrock  have  some  merit. 

In  order  to  widen  the  data  base,  the  tech¬ 
niques  will  be  evaluated  for  the  1979  tropi¬ 
cal  cyclone  season,  and  also  for  tropical 
cyclones  occurring  prior  to  1976. 


(Staff,  FLEWEACEN/JTWC) 

The  advent  of  the  Naval  Environmental 
Display  Station  (NEDS)  at  FLEWEACEN  Guam  has 
provided  the  JTWC  access  to  the  large 
general  purpose  computer  system  at  FNWC. 
Impact  of  the  NEDS  on  operations  at  the  JTWC 
has  been  studied  and  a  NEDS  implementation 
plan  has  been  drawn  up  which  includes  exist¬ 
ing  operational  requirements  as  well  as 
future  capabilities  allowed  by  the  NEDS. 

Considerable  automation  of  time  con¬ 
suming  computational  tasks  has  been  accom¬ 
plished  with  computer  programs  written  to 
execute  at  FNWC.  Existing  post-analysis 
programs  originally  coded  to  execute  on  FWC 
Guam's  CDC  3100  computer  have  been  converted 
to  execute  at  FNWC.  In  addition,  numerous 
new  features  have  been  added  to  the  programs 
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NEDS  graphics  capability  is  being 
developed  to  depict  forecast  tracks  from 
objective  techniques.  Establishment  of  a 
tropical  cyclone  data  base  on  FNWC  mass 
storage  devices  has  been  initiated  and  con¬ 
tract  work  has  resulted  in  conversion  of 
JTVJC's  objective  techniques  to  execute  on 
FMKC  computers.  Considerable  effort  has 
been  expended  to  evaluate  and  monitor  the 
program  conversions. 

7.  BASIC  STREAMLINE  ANALYSIS  AND  TROPICAL 
CYCLONE  FORECASTING  TECHNIQUES  GUIDE 

n  CT  T?TiTir  A  /  T^T.rr*  \ 

\  'j  f  •  r  ^  i_iLi /  x.  / 

A  case  study  taken  from  an  active  tropical 
cyclone  period  has  been  initiated.  The  study 
will  be  worked  into  a  guide  to  train  nev; 
assignees  in  streamline  analysis  and  the  use 
of  all  available  tropical  cyclone  forecasting 
techniques.  The  guide  v.'ill  also  be  used  in 
STORMEX  training  (training  scenarios  for 
Det  4  HQAWS,  54  WRS,  JTWC  and  AJTWC  personnel). 

8.  STATISTICAL  EVALUATION  OF  JTWC 
OBJECTIVE  TECHNIQUES 

(Lubeck,  O.  M. ,  FLEWEACEN/JTWC) 

Present  forecast  aids  used  by  the 
typhoon  duty  officer  include  many  objective 
techniques.  Little  information  beyond  annual 
average  errors,  however,  is  known  about  the 
techniques.  A  statistical  evaluation  is 
being  accomplished  in  hopes  of  finding  sys¬ 
tematic  biases  and  conf irming/denying  pre¬ 
vious  subjective  determinations. 


9.  JTWC  FORECAST  CONFIDENCE 
STATEMENTS 

(Hassebrock,  A.  W. ,  Ihli,  C.  B. ,  Jr.  and 
Lubeck,  0.  M.  ,  FLEWEACEN/JTVyC) 


JTWC  developed  and  implemented  procedures 
for  computing  objective,  probability  confi¬ 
dence  statements  as  a  result  of  requirements 


ence.  Forecast  error  probabilities  were  ap¬ 
pended  to  Prognostic  Reasoning  Messages  during 
the  1978  season.  An  evaluation  of  these  con- 

c-tsiucii  i-o  djita  ot-j-j-is-c  rxuuctL>j.i.j.t.y 

Program  (STRIKE)  information  (provided  by 
NEPRF  and  FNWC  Monterey)  was  performed  and 
published  in  the  1979  Pacific  Command  Tropical 
Cyclone  Conference  Proceedings  Report. 


10.  THE  TRANSITIONING  OF  TROPICAL 
CYCLONES  TO  EXTRATROPICAL  CYCLONES 

(Guard,  C.  P. ,  FLEWEACEN/JTWC  and  Brand, 
Samson,  NEPRF) 

Results  of  the  examination  of  the  post¬ 
recurvature  transition  of  tropical  cyclones 
to  extratropical  cyclones  v/ere  published  as 
NAVENVPREDRSCHFAC  Technical  Report  TR  78-02, 
Extratropical  Storm  Evolution  from  Tropical 
Cyclones  in  the  Western  North  Pacific  Ocean 
in  July  1978.  Capt.  Guard,  now  of  AFGWC, 
Offutt  AFB,  NE,  presented  further  results  at 
the  12th  Technical  Conference  on  Hurricanes 
and  Tropical  .Meteorology  in  April  1979  at 
New  Orleans,  LA.  His  report  was  entitled 
The  Intensity  of  Recurving  Western  North 
Pacific  Tropical  Cyclones:  A  New  Look. 

During  1979,  the  JTWC  staff  will  be  evaluating 
the  rules -of- thumb  generated  from  the  research 
results . 


87 


ANNEX  A  -  TItOPtCAL  CYCtONE  TRACK  DATA 


1.  WESTERN  NORTH  PACIFIC  CYCLONE  TRACK  DATA 


TROPICAL  STORM  HADINE 
(January) 
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(August-September) 
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(August-September) 
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-5. 

32.8 

126*^ 

00. 

iJ2i 

10* 

33*M 

127. V 

frb* 

ibu. 

2«f. 

34.6 

129.3 

Ob. 

3S* 

35*2 

130.9 

00. 

20 1_* 

4o» 

o*n 

o.u 

0. 

“9* 

0. 

0*0 

o.u 

0. 

-y  • 

0* 

0.0 

o.u 

0. 

-V. 

0. 

0*0 

u.u 

0. 

-u. 

0. 

4d  nUijK  Ft)KtCAi>l 


tKHOrt^ 


HUbll 

hlNU 

UbC 

91NU 

O.U 

0.0 

u. 

-u. 

u. 

n.u 

y*u 

0. 

-0. 

0. 

o.u 

0*0 

0. 

-0. 

0. 

n.u 

g.y 

u* 

-0. 

0. 

n.u 

0*  u 

0* 

-0. 

0. 

n.u 

0*0 

u* 

-u. 

Q. 

n.u 

u*u 

0. 

-0. 

u. 

n.u 

0*U 

u* 

•0. 

0* 

n.u 

u.u 

u. 

-u. 

0. 

n.u 

o.u 

u. 

-0. 

0* 

37*1 

12/?9 

4b. 

2Ufr. 

-lb. 

31.4 

127*b 

fru* 

113, 

0. 

31  *9 

127.8 

frg. 

9U. 

-5, 

3V.4 

127*3 

fro- 

fr. 

-b. 

33. U 

127*2 

bb. 

HO. 

5. 

3l.b 

12«*U 

bb. 

IbO. 

15. 

13.8 

•129*3 

bo* 

190. 

20. 

34.3 

130*3 

4b. 

234. 

25. 

n.u 

0*0 

0* 

-0. 

0. 

n.u 

U*0 

u* 

-0. 

0* 

fl  .u 

0*0 

0« 

-0. 

0. 

n.u 

0*0 

0* 

•0. 

0* 

n«  u 

0*0 

0. 

-0, 

0. 

u.u 

0*0 

u* 

-0. 

0. 

n.u 

0*0 

u. 

-0. 

0. 

o.u 

0*0 

u. 

-0. 

0. 

hOuk  FeefCAST 


HUSA  ^ 

MfiNU 

,)SI  WIND 

ii.U 

0,0 

u. 

-u. 

u. 

U.O 

0.0 

0. 

•  0  . 

0. 

U.u 

0,0 

0. 

•  0  * 

u« 

U.u 

0. 0 

u. 

-u* 

u« 

U.O 

U.O 

0* 

-0* 

u. 

U.O 

0,  U 

0. 

-0. 

u. 

U.O 

0.0 

u- 

-0. 

u« 

U.O 

0.0 

0. 

-0. 

u. 

U.O 

0.0 

u. 

-0. 

0. 

U.U 

0,0 

0. 

-0. 

u* 

36.2 

133,0 

Jb. 

277. 

•lb. 

34.9 

130.7 

bo. 

43. 

10. 

3b.3 

131,J 

bg. 

91. 

20* 

3b*7 

iJ0,9 

45. 

20  5. 

2b. 

U.O 

0.0 

0. 

-0* 

u . 

0*0 

U.O 

0* 

-0* 

u* 

0*0 

u.u 

u* 

-0* 

0* 

U.O 

0.0 

0. 

-0* 

u* 

u-O 

0.0 

u* 

-0* 

0* 

u*0 

U.O 

u* 

-0* 

0* 

(».0 

0.0 

0* 

-0* 

u* 

o.O 

U.O 

0* 

-U* 

u* 

O.O 

U.O 

u* 

-0. 

u* 

U.O 

u.u 

u* 

-0. 

0* 

O.O 

u.u 

u« 

•0. 

u. 

U.O 

U,0 

Q. 

-0* 

u* 

•V(»  FOHtCAbI  Posil  EPpriK 

AVu  KlfaHl  ANbl.1:  E'<H0k 
AVto  iNtenbilf  aaS'UTiide  fHRuH 
AVb  INTEnSHy  bl«3 
NUHOtH  OF  FukFCASIS 


ALL 

forecasts 

IiRhUONS  .h1(.E  DVtP 

3b  KTb 

II7KKQ 

06-HR 

4B-HH 

7?-hR 

IlKNb 

?4“8K 

40-HR 

7;>-mh 

)4. 

92. 

134. 

IS4, 

lb. 

/l- 

100* 

IfrO* 

12* 

44. 

31. 

67, 

13. 

4?. 

J4. 

frfr* 

5. 

12. 

11. 

18- 

b. 

7. 

0* 

13* 

-2. 

7. 

5. 

10, 

0. 

1  . 

•1. 

"3* 

15 

12 

B 

4 

14 

10 

6 

2’ 

? 

6 

H 

TYPHOON  JUDY 
(September) 


BEST  track 

warning 

2*  MOU0  fuRLtMSI 

48  HOUR  FlIRtCASI 

(2  hour  FoRfCaM 

FRROrS 

brsNUHS 

tHROKb 

POSIT  or  Ml 

POStT 

telND 

UST 

wind 

Pnsi  T 

•AND  iJfr!  ^INU 

Pub  it 

WlNU 

uSI 

WIND 

P051 1 

WIND 

WIND 

9uVo6Z 

19.5 

164.7 

20 

0.0 

0*0 

0. 

-0* 

0. 

0*0 

O.U 

0.  -U*  0. 

n.u 

U*U 

U* 

-0. 

0. 

n.O 

u.u 

0.  -0. 

u* 

909122 

19.6 

163,1 

20 

0.0 

0*«> 

0, 

-0. 

0. 

0.<I 

o.y 

0.  -u*  0. 

n.u 

o*u 

0* 

-0, 

Cl. 

II.U 

o.u 

0*  .0* 

u. 

909182 

19.7 

161.5 

20 

0.0 

u*n 

0. 

“0* 

0. 

0.0 

u.u 

U,  -g.  0* 

n.u 

U*0 

U* 

-u. 

Cl. 

U.O 

o.u 

u«  -0. 

0. 

9l0(ioZ 

20.U 

160.3 

20 

0.0 

0-0 

u. 

-0. 

0. 

0*11 

u.u 

0*  ""U*  n. 

n.u 

U.U 

U* 

-u. 

0. 

n.O 

0.0 

0*  -0* 

o* 

910062 

20.6 

159.3 

20 

0.0 

0*0 

0, 

-f). 

u. 

o.ti 

u.u 

0.  -ui  11. 

n.u 

u.u 

u* 

-u* 

0. 

o«0 

0.0 

0*  •o* 

0* 

910122 

21.5 

158.3 

20 

0.0 

0*0 

0, 

-0* 

u. 

o.fi 

u.u 

0*  -U?  II. 

n.u 

u*u 

U« 

-0. 

0* 

U.O 

u.u 

0.  -0. 

u- 

910182 

22.2 

157.4 

20 

0.0 

0*u 

0* 

-0* 

0* 

o.fl 

u.u 

U*  -u.  n. 

n.u 

U.O 

U* 

•u. 

0. 

0.0 

o.u 

0*  -0. 

u. 

911U02 

22.7 

155.8 

25 

0.0 

0*0 

u. 

-0* 

0. 

o.u 

u.u 

0*  *0*  n. 

n.u 

u*u 

u. 

-0. 

0. 

U.O 

0.0 

0.  -0. 

u. 

9ilu6Z 

23.1 

154.3 

25 

0.0 

0*0 

u« 

-0. 

0. 

o.n 

u.u 

0,  -u*  0. 

n.u 

o*u 

u. 

•0. 

0. 

U.O 

o.u 

u*  -0. 

u. 

911122 

23.3 

152.7 

25 

0.0 

0*0 

0* 

-0. 

u. 

0*0 

U.u 

0.  -u*  0* 

o.u 

0*0 

u. 

-u. 

()■ 

U.O 

0*0 

0*  -0. 

u* 

911182 

23.2 

151.2 

25 

0.0 

0*0 

0* 

-0. 

u. 

O.u 

u.u 

0,  -U*  0. 

n.u 

o«u 

0* 

-0, 

<)• 

U.O 

U.O 

0.  -u. 

u. 

912002 

23.1 

149.9 

\30 

0.0 

o*n 

0. 

-0. 

0. 

O.u 

u.u 

0.  -u*  0. 

n.u 

o*u 

0* 

-0. 

0* 

U.O 

0.0 

u.  •o. 

u* 

912062 

23.3 

148.9 

30 

0.0 

u-n 

0* 

-0. 

u« 

0.0 

u.u 

0*  -Ui  0. 

0.0 

0*0 

u. 

-0, 

0* 

U.O 

o.u 

0*  -0. 

u. 

912122 

23.6 

148.0 

35 

TJ.O 

0*0 

0. 

-0* 

0. 

0.0 

u.u 

I),  -v*  0. 

o.u 

0*0 

0* 

-u* 

0. 

11*0 

u.u 

u.  -u. 

u* 

912182 

24.0 

147,4 

40 

0.0 

0*0 

0. 

-0. 

u. 

0*0 

u.u 

0.  -U*  0. 

n*u 

0*0 

u. 

-0. 

0* 

U.O 

0.0 

0.  -0. 

u. 

913002 

24,6 

146,7 

41) 

24,6 

X46«fr 

^u. 

5. 

lu. 

2fr.4 

144*  J 

65,  8^f*  5* 

?7.6 

141.7 

70. 

IHfr* 

•5, 

2h.H 

139.3 

7u,  4b4, 

•20. 

9l3o62 

2S.A 

146.3 

45 

25.2 

146.? 

&0. 

13. 

5, 

27.5 

144*4 

bb.  b7.  5. 

143.3 

^0* 

79. 

-10. 

J?.2 

144,  i 

^0.  ?3^* 

-?u. 

913122 

26.3 

146.0 

SO 

26.6 

146.? 

bu. 

21. 

u. 

30.(1 

146*0 

fu*  AU^::*  S* 

J?.8 

147.6 

6b, 

16U« 

-20. 

33.7 

Abl,7 

^b.  ?t27. 

-3b. 

913182 

27.0 

145.5 

55 

27.2 

145.7 

bb. 

16. 

0. 

30.3 

I4b*u 

10.  "frb.  n. 

3?. 6 

147^2 

65. 

lUi* 

-25; 

33. B 

lbO.3 

by,  ?67. 

•20. 

914002 

27.6 

145,3 

60 

27.8 

l4b.4 

fro. 

13. 

0. 

30.3 

l4b*u 

65,  bi.  •lu* 

3?.  f 

147.b 

6U. 

V2, 

-30. 

33.9 

Ib3«u 

by.  371. 

u* 

914062 

20.3 

145.0 

60 

20.6 

145.1 

fro. 

10. 

u. 

30.5 

144*^ 

65.  «•  -lb. 

3?.  f 

145*9 

bb. 

156. 

-35. 

33.9 

ibl,3 

4u.  544. 

u* 

914122 

28.6 

144.6 

65 

20.4 

l4b*0 

frb. 

32* 

u. 

30.7 

l4b*4 

65.  b9.  •?ii* 

31.6 

148*8 

bb. 

293, 

-35. 

o«  0 

0.0 

0*  -0* 

u. 

9|418Z 

29,4 

144.3 

70 

29.3 

144-3 

frb. 

fr. 

-5. 

31-4 

144*7 

65.  frb.  -2S. 

3?./ 

146*4 

bu. 

357, 

•20. 

n.O 

o.u 

0.  -0* 

u* 

91S0O2 

29.8 

144.2 

75 

29.  S 

144.? 

7U. 

0* 

-5. 

32.1 

l4b*V 

05.  9o.  ■»?5. 

33.U 

151*3 

bg. 

436. 

ID. 

U.O 

o.u 

U«  -0. 

u* 

9lSob2 

30.6 

144,3 

80 

30.6 

144.1 

10* 

•5, 

32.3 

147, u 

60.  lfr<?*  -3o. 

33.2 

152*4 

4'b. 

bfr2. 

5. 

U.O 

0,0 

0*  -0. 

u* 

915122 

31.4 

144.6 

85 

31.1 

144. P 

7b., 

2l* 

•10. 

32.7 

I48,b 

60.  ^3u*  »3o. 

O.U 

0*0 

u. 

-0. 

0* 

U.O 

0,0 

0.  *0. 

u« 

915182 

32.* 

145.2 

90 

32.3 

144. R 

vu. 

16. 

0. 

35.4 

14h,  J 

75.  ^2U*  5. 

O.U 

0*0 

0. 

-0. 

0. 

U.O 

0.0 

0.  -0. 

u* 

916002 

33.7 

146.1 

90 

33.4 

145.fr 

•^0. 

3l. 

0. 

36.2 

149,2 

65,  30b.  15. 

O.U 

0*0 

0* 

-0. 

0. 

U.O 

0.0 

0.  -0* 

y. 

91bu62 

35.0 

147.4 

90 

34.9 

147.? 

’^O. 

11. 

0, 

38.3 

153,4 

65.  ^frb.  4b. 

O.U 

0*0 

u. 

-0, 

0. 

0.0 

0,0 

0.  -0. 

u* 

916122 

36.5 

149.2 

90 

36.6 

149.5 

^0. 

16. 

0, 

0.0 

0*0 

0.  -Ul  0. 

O.U 

0*0 

0. 

-0. 

0. 

0.0 

U.O 

0.  -0. 

0* 

916182 

38.2 

151.3 

70 

37. T 

150*7 

70, 

4l. 

0. 

0.0 

0*0 

0.  -u*  0. 

O.U 

0*0 

0. 

-0, 

0* 

U.O 

0.0 

0.  -0* 

u* 

917002 

40.1 

153,4 

So 

40.01 

l54.n 

bQ« 

28. 

0* 

0.0 

g*u 

0.  -U*  0. 

o.u 

0*0 

u. 

-0. 

0. 

U.O 

0,0 

0.  -o. 

u« 

917062 

42.0 

156,6 

40 

41,9 

155.5 

40. 

49. 

0. 

0.0 

u*u 

0.  -U*  0. 

o.u 

0*0 

u. 

•0. 

0. 

u.u 

0.0 

0.  •o. 

u* 

all  forecasts 

1 YPMU0N5  while  over  35 

KlS 

VMNG 

?4-RH 

4e-HR  7?-Hq 

6  *<46 

24-hH  40» 

19  7 

?-M9 

A»6  FQHECAST  POSIT  ERROR 

19. 

127. 

242. 

34b, 

i#. 

1?7. 

24^. 

346. 

AVb  R16HT  AN8LE  ERr>OR 

12. 

51. 

131. 

iRb, 

ii* 

51. 

131. 

165. 

AV(i  intensity 

NABNtTUDE 

ERROR 

2. 

17. 

19. 

16. 

2, 

17. 

19, 

l6. 

AVe  INTENSITY 

bias 

• 

1. 

-5. 

-IB. 

•1  6, 

6* 

•b. 

•16, 

•Ifr. 

NUHdEN 

OF  FORlECASTc 

18 

'i 

10 

(> 

6 

3 

iP 

14 

iu 

0 

100 


TROPICAL  STORM  KIT 


(September) 


tiESi  TH4CK  KAKHING  2*  hOUh  pORtLAbt  *8  MOuK  FoXtCA^f  12  «OUR  FORECAST 


POSIT  RIM; 

KoSiT 

WlNO 

dst 

wind 

PnstT 

KINO 

■INU 

POSIT 

WlNU 

UST 

wind 

FOSl  1 

«IND 

dSI 

NINU 

9^uull2 

13. t> 

133.6 

15 

0.0 

0-0 

0* 

*0" 

0* 

o.o 

U«U 

0. 

-u* 

0* 

o.u 

0.0 

0. 

-0. 

0. 

O.o 

0.0 

M. 

•0. 

V. 

9^9062 

13. a 

132.8 

15 

0.0 

0*0 

0* 

-0. 

0* 

0.0 

o«u 

0. 

f). 

O.il 

0.0 

M. 

-0, 

0. 

O.o 

0.0 

0. 

-0. 

0* 

92ul22 

13.4 

131.2 

zo 

0.0 

0*0 

0. 

-p. 

0* 

0.0 

u«u 

0. 

-u« 

0. 

o.u 

0.0 

M. 

-0. 

0. 

O.o 

0.0 

0. 

0. 

92ul82 

13.4 

1  30.  0 

20 

0.0 

0.(1 

0* 

-0. 

0, 

0.(1 

u«u 

0. 

-0* 

0. 

n.u 

0.0 

M. 

-0. 

0. 

O.o 

0.0 

0. 

.0* 

0. 

981UU2 

13.4 

129.0 

20 

0.0 

0.1) 

0, 

-0. 

Q* 

O.o 

0. 

-0. 

0. 

n.u 

0.0 

0. 

-0. 

0. 

O.o 

0.0 

0* 

•0. 

0. 

v^iye/ 

13. b 

128.0 

20 

13.5 

128.6 

ao. 

35. 

Q* 

l4.? 

t 

30. 

itt/. 

5. 

i«*.o 

129.3 

*y. 

497. 

10. 

18.7 

121.1 

45. 

478. 

5. 

921122 

14.0 

127.0 

25 

13.6 

128.1 

6r. 

(]* 

14.3 

35. 

225* 

Xu* 

IS, 2 

123.4 

40. 

461. 

5. 

18.8 

120.3 

*0. 

476* 

0* 

921182 

i4.4 

125,9 

25 

13. B 

127.6 

25, 

105. 

0* 

14.6 

l25,5 

35. 

43b* 

5. 

J5.4 

122.6 

4o. 

461. 

5. 

16.0 

il9.4 

4o. 

462. 

-IP. 

922u02 

14.7 

124.9 

25 

14.8 

125.1 

25, 

13. 

0. 

l6.| 

120*^ 

30. 

27ii* 

n. 

14,V 

117.3 

♦o. 

224. 

5, 

17.4 

113.1 

45. 

136. 

922u62 

1T>.1 

123,6 

?5 

14.8 

123.6 

IP. 

u« 

15.8 

ll«*5 

30. 

iyfi 

n« 

iS.b 

113.8 

40- 

75. 

0* 

14.9 

1o9.2 

45. 

2l3- 

0* 

922122 

l8.8 

122.4 

25 

IS. 2 

122.1 

25- 

0* 

lS.8 

ll7^i 

40. 

io^* 

s. 

JS.# 

112‘tt 

50* 

109. 

10. 

18.1 

1uB,2 

40. 

2o2. 

0* 

922182 

16.3 

118,1 

30 

16.5 

ll9.n 

iO* 

53. 

0* 

16.7 

1U*7 

40. 

5. 

if.,* 

110?i 

bO* 

I07i 

0. 

O.o 

0.0 

0* 

4kO« 

u* 

92Jyo2 

18.6 

116.2 

30 

17.0 

117.3 

30. 

105. 

u* 

I7.4 

113. i 

90. 

IMP* 

5. 

17.* 

109.4 

Po. 

87. 

0* 

17.0 

1U6.1 

40* 

loo* 

tt« 

92j|>6Z 

14.6 

115.7 

30 

14.4 

118.(1 

42. 

0* 

14.0 

Ua.u 

-90. 

2U* 

o« 

0.0 

Oro 

0* 

-0. 

0. 

O.o 

0.0 

0. 

-0. 

0. 

923122 

lb. 3 

1  lS.4 

35 

IS.? 

115.3 

i5. 

8. 

ti. 

15.3 

SO. 

L31» 

io« 

A.O 

0*0 

Q. 

-0. 

0. 

0.0 

0.0 

0. 

•0* 

p. 

923182 

is. 3 

114.6 

35 

ib.3 

114.7 

J5; 

6. 

0. 

is. 7 

80. 

12P* 

0* 

i^.b 

10677 

30. 

136. 

-10. 

O.o 

6.0 

9« 

-6. 

0* 

924002 

18.7 

ll3,6 

35 

IS. 4 

113.5 

35. 

19. 

0. 

16.3 

lOV.l 

So. 

UU* 

0« 

fl.u 

0-0 

0* 

“0. 

0. 

0.0 

0.0 

M« 

•p. 

u« 

924062 

16.3 

11228 

40 

16.2 

IIZ'P 

^0, 

6. 

Of 

l8.| 

80. 

'49. 

5. 

1<J.* 
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TROPICAL  STORM  NINA 
(October) 
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TYPHCMN  PHYLLIS 
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SUPER  TYPHIDON  RITA 


(October) 
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0.0 

0. 

u. 

0.0 

0-0 

0. 

•0. 

0. 

U.O 

0.0 

0. 

•0* 

u* 

0.0 

0.0 

0. 

-0. 

0. 

U.O 

0.0 

0* 

*0. 

u. 

n.u 

o-O 

0* 

-0. 

0. 

<1.0 

0.0 

0* 

•0. 

u« 

17.3 

138*2 

6y, 

4^7, 

0* 

IS.tf 

iJb.b 

6u. 

TgS. 

u« 

17.3 

140,8 

by. 

d97.' 

-5. 

1*^.2 

i38.7 

6u» 

638  . 

u* 

^1 .1 

143-4 

6y. 

^a3. 

•5, 

2J.6 

143.8 

bo* 

324. 

u* 

144.2 

6ij. 

l?4. 

•lo. 

26. B 

14S.7 

6u, 

262* 

0« 

/•4.ft 

148.0 

6u. 

1^4  . 

•10. 

2/*7 

lbl.7 

6U<. 

)06. 

u» 

F?4.y 

148.1 

6o. 

64. 

-io. 

26.8 

ibl.O 

bb. 

?4l. 

-6. 

148. 3 

63. 

I6d. 

S. 

27.0 

1  =  1.2 

75. 

325. 

}6» 

?S.3 

150;9 

6d» 

.  5. 

2ft.3 

134.3 

7u.. 

3 16. 

lb. 

^4.3 

150. b 

/(»• 

306. 

lo. 

U.O 

0.0 

0. 

•0« 

0  . 

30.  u 

lb2ib 

7o. 

4>. 

10. 

U.O 

0.0 

0. 

•0* 

0* 

30.4 

153.2 

u* 

96. 

10. 

0.0 

O.U 

0» 

•  0. 

u. 

31  .4 

154.3 

?u. 

166, 

IS, 

U.O 

0.0 

0» 

-0. 

u« 

(i.u  u-u  0»  -0.  0.  U.O  0.0  0«  -0.  U. 

0.0  070  0.  -0.  0.  0.0  0.0  0.  -0.  0. 

0.0  0;0  0.  -0.  0.  U.O  0,0  0»  -Q.  u. 

0.0  O70  0*  "“O.  0.  U.O  0.0  0«  -0.  0» 

0.0  0-0  0.  -0.  D.  U.O  0.0  0..  -0.  0. 

0.0  Or.O  0.  -0.  0*  o-O  0.0  0.  -o.  o. 

0.0  070  0.  -0.  0.  U-O  0.0  0«  -0.  0. 

0,0  0;O  0.  -0.  0.  O.O  0.0  0.  -0.  0. 


all  forecasts 


AV<» 

EOheCASI  posh  error 

Nhkg 

?4-hR 

108. 

AS-HK 

194. 

7?-mH 

3a?.. 

AV6 

kIGhI  angle  error 

21. 

53. 

127. 

237,, 

AV(9 

intensht  Magnitude  eRRor 

2. 

4. 

8. 

4i» 

AVb 

iniensjit  bias 

-2. 

-1. 

16 

1. 

12 

NUhock  OF  FukECASTS 

20 

& 

^  S  3 


TROPICAL  DEPRESSION  32 
(November) 


8ESt  track 


Posit  , 

WIND 

POSiT 

1115182 

15.3 

130.1 

15 

0.0 

•0*0 

1118002 

15.3 

129.8 

15 

0.0 

o*n 

1110062 

lb. 3 

129.5 

20 

0.0 

0*0 

1116122 

lb. 3 

129.2 

20 

O.U 

0*n 

1116182 

lb. 3 

128.9 

20 

O.U 

0»l) 

Ili7u02 

lb. 3 

128. b 

25 

16.0 

l3o*n 

ill ?u62 

lb. 3 

128.2 

2b 

16.3 

l3(>»0 

1117122 

lb.2 

12B.0 

25 

17.0 

lll7iB2 

Ib.l 

127.6 

26 

17.4 

I28«ft 

lll6uo2 

l5.o 

127.3 

25 

14.6 

126. H 

1118062 

16.7 

126. R 

25 

14.6 

126.A 

1118122 

14, A 

126. b 

2b 

14.6 

126. ft 

1 1 18182 

16,2 

126.1 

25 

14.4 

126.4 

Ill9oo2 

13.9 

125,7 

25 

14.3 

125. ft 

1119062 

13.7 

125.2 

20 

13. B 

125.? 

1119122 

13. b 

126.6 

20 

13.5 

124.6 

1119182 

13.4 

123.9 

20 

13.5 

123. 

lliUUUZ 

13.4 

123.3 

15 

0.0 

0*(i 

warning 

errors 

WIND  DST  WIND 

0.  -0.  0. 

0.  -n-  0. 

0.  -0.  0. 

0.  >0.  0. 

0.  -n.  0. 

2b.  96.  0. 

2b.  119.  0. 

2b.  119.  0. 

2b.  149.  0. 

2b,  37.  0. 

2b.  6.  0. 

2b.  2].  0. 

2b.  2].  0. 

2b.  25.  0. 

2b.  6.  S. 

2b.  n.  5. 

20.  6.  0. 

0.  -0.  0. 


24  HOUR  FORELAbi  48  mouR  Forecast  72  hour  Forecast 

£rR^)RS  errors 

roSiT  WIND  Ubl  «Im;  PubIT  wtNU  uST  WINO  ROSl  I  WIND  nSI  WiNO 


U.U 

U.U 

V. 

-u. 

0. 

A.O 

0.0 

0.0 

O.u 

0. 

-0* 

0. 

O.U 

0-0 

0*0 

U.U 

0. 

•pU. 

0. 

o.u 

0*0 

0*0 

U.U 

0. 

-u* 

0. 

o.u 

0.0 

0.0 

U.U 

0. 

-u. 

0. 

O.u 

0.0 

i7.3 

l3u*? 

30. 

216; 

b. 

19.6 

132^9 

i7.3 

l3ii.b 

JO. 

24V. 

b. 

19.6 

132.8 

l8»b 

127,<| 

30. 

246; 

b. 

2o.u 

125. 2 

19.1 

126.^ 

30. 

29b» 

s. 

2)  .1 

126.9 

14. b 

126.6 

80. 

3b; 

•s. 

14. u 

123.5 

14.4 

12b, 

20. 

4£. 

r>. 

n.u 

O-O 

14.3 

124.6 

20. 

4b. 

0* 

<1»U 

0.0 

14.0 

l24.i; 

20. 

4u. 

n. 

O.U 

OrO 

13.R 

123*4 

20. 

26. 

b. 

o.u 

0-0 

0«O 

O.U 

0. 

“u* 

0« 

o.u 

o.u 

0.0 

U.U 

0. 

•U* 

0* 

0*0 

0*0 

0.0 

U.U 

0. 

•u* 

0. 

n.O 

0.0 

0.0 

U.U 

0. 

0. 

o.u 

0.0 

0.  -0.  0.  O.O  0.0  0.  -0.  0. 

0.  >0.  0.  U.O  0.0  0.  .0.  0. 

0.  -0.  0.  U.U  0.0  0.  -0.  o. 

0.  -0.  0.  U.O  0.0  0.  -0.  0. 

0.  -0.  0.  U.O  o.u  0.  -0.  O. 

3b.  b30.  lO.  21.6  1J8.2  35.  973,  2V 

3b.  b5b.  15.  U.O  0.0  0.  -0.  o. 

3b.  390.  15.  0.0  0.0  0.  -0.  U. 

691,  15.  0.0  0.0  0.  -0*  u. 

15.  38.  0.  0-0  0.0  0.  -0»  0* 

0.  -0.  0.  U.O  0.0  0.  -0.  O. 

0.  >0.  0.  u-O  0.0  0.  >0.  0. 

0.  ~0.  0.  U.O  0.0  0.  •0.  0. 

0.  -0.  0.  0.0  0.0  0*  -0.  u. 

0.  -U.  0-  o-O  0.0  0.  -0.  0. 

0.  '•0.  0.  o-O  0.0  0.  -0.  0. 

0.  -0.  0.  U-O  0.0  0"  -0.  (J« 

o>  -0.  0.  0.0  0.0  0.  -0.  o. 


all  fhrecasts 

WHNG  24-HR  48-MH  72-HIR 

AVG  EOreCAST  Posit  error  bo.  133.  *01.  97J, 

AVO  rilbHl  angle  error  33.  I08.  3*9.  871. 

avg  iNi£i\snT  raG'^iiude  error  l.  3.  ii.  po. 

AVG  INftNbllY  BIAS  1.  2.  11.  20. 

number  of  FOKtCAStS  12  9  5  1 

S'  I  0 
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TYPHOON  VIOLA 


(November) 


afsi  rwACK 


24  hllllK  FUKtl-*SI 


4d  MULr»<  FomlCa^i* 

tMHOHb 


t£  nOUrt  KlMhCANl 


POSH  w]N(' 

posi  r 

wiNn 

UST 

UiNU 

PdSI  I 

U6  k 

*  l^u 

PUSIT 

li>U 

Ubl 

«lNi; 

posi  1 

HlNU 

:)SI 

41NU 

1X10004 

1^5. u 

lb. 

0.0 

0-0 

0. 

-0. 

u« 

0.(1 

o.u 

0. 

-u* 

Oa 

OaU 

0.0 

Ua 

-u. 

Q« 

O.o 

UaO 

Ua 

-0* 

U« 

111 OuG4 

15*»  J 

2<) 

u.v 

OMi 

Ua 

-n* 

u. 

O.O 

II. 0 

0. 

-0* 

lia 

OaU 

0*0 

U  a 

-Oa 

Qa 

OaU 

0.0 

Oa 

-0* 

Ua 

1110121 

153.3 

2y 

0.  0 

0*n 

u. 

”0* 

0. 

0.(1 

o.u 

Oa 

-u; 

Ua 

<laU 

0.0 

U* 

-0, 

Ua 

U«U 

OaU 

Ua 

-U* 

U* 

liloiBZ 

b.o 

152. u 

?o 

0.0 

0*0 

0. 

-n. 

Ua 

O.u 

o.u 

0* 

-ya 

0* 

n.  u 

0.0 

u« 

-Oa 

Ua 

(laU 

UaU 

Ua 

-Oa 

U* 

iii/ua4 

b«b 

151. B 

?b 

0.0 

0»o 

Cl« 

-rt* 

Oa 

0.11 

11.  u 

0. 

•Uf 

n. 

llaU 

o.u 

u  * 

-Oa 

Oa 

u.O 

0.0 

0* 

-0* 

Ua 

111  Tu<>4 

o.y 

149.9 

149*^ 

30, 

6. 

U  a 

10.7 

1  46.4 

•^Oa 

O  /a 

-Sa 

l?aJ 

140.3 

=>u* 

bi. 

0* 

I/-. 8 

133.1 

6y. 

-16. 

111 '124 

148. S 

3b 

8.S 

l4a*H 

3ja 

2l. 

-6. 

10. H 

]44.b 

45. 

Be; 

0* 

l?*l 

139.9 

»Ua 

l^la 

-5. 

i/.b 

J3b.  1 

by. 

Ibba 

-?b* 

Hi  '1B4 

1.7.1 

40 

9.1 

147*1 

36a 

n* 

-6. 

11-5 

14|,9 

#5a 

1 J: 

-Sa 

i;-a6 

137.2 

6ba 

'bOa 

-ba 

14.3 

1J3.7 

b6a 

74. 

-3b. 

illPitu4 

14b. 0 

40 

9.5 

145*7 

‘»Ua 

H. 

0« 

11-7 

140.2 

45a 

iCr 

-b* 

J35»2 

66a 

H4a 

-lo. 

lOab 

I3l  .b 

65a 

l.»l» 

-5o* 

lliouoz 

1U«0 

144. b 

4b 

9.b 

14#  *11 

*2. 

0. 

11-2 

13m.2 

®D* 

7*:* 

lo* 

13. U 

132.S 

66a 

k9b. 

-lOa 

13.9 

i2b,4 

/ya 

5r46a 

-bua 

1110124 

lu.v 

143-1 

4b 

10.7 

l4d*n 

13. 

0. 

12.6 

]37.4 

«»u« 

JVa 

Sa 

|4.3 

131.7 

b6a 

IB7. 

•20. 

Ibal 

126. y 

7u. 

3#3a 

-66. 

111»1B4 

U«3 

141  .d 

5o 

11.5 

I4l** 

=>u* 

26. 

U. 

13. 1 

l3b,6 

bu* 

lu^:* 

I4a6 

129.7 

06a 

ibb. 

-35. 

•16.4 

123./ 

/ya 

4?4a 

-S6. 

lllVuoZ 

li.r 

140.4 

bo 

11.7 

140*A 

^>0* 

0. 

U. 

13.3 

l3b.o 

«>u* 

ViJa 

-6a 

14,  / 

129. u 

fu. 

<fb3a 

•45. 

16.6 

122. b 

7ba 

43ba 

-46# 

IllVySI 

138.9 

bo 

12.2 

139ti 

6Ua 

A. 

0. 

i3.k 

133.1 

bUa 

lH6a 

-ih* 

lb,y 

127.2 

7y. 

3i0. 

-50. 

Ib.l 

121,2 

by. 

4K2* 

-56. 

111V124 

U.9 

138,u 

b« 

12.5 

l37*ti 

3lia 

25. 

-ba 

14.4 

132, 3 

60* 

ibu  * 

-2S. 

Ib.J 

126.1 

7y  a 

334. 

-55. 

lb.2 

120,6 

by. 

byO* 

-SO. 

illTlB4 

137.3 

13.7 

l3fe*« 

*>Ua 

3]  . 

Ua 

l6.n 

131.4 

/5a 

i^4* 

•?b. 

|^•3 

126.5 

by. 

i64. 

•45. 

lba3 

120.0 

bo  a 

5b7. 

-40* 

112U«04 

1  ?6.b 

db 

14.5 

136*9 

90a 

54. 

-ba 

16.7 

131.2 

/b. 

l36* 

*4Ua 

I7al 

125.4 

bo. 

i66. 

•40. 

17*b 

119.3 

by. 

6o3a 

-36. 

112gii62 

1  35. b 

76 

14,6 

336*ft 

fo. 

a. 

^b* 

l6.1 

132.7 

^0* 

IJ* 

-3Ma 

l^aV 

129.5 

luu* 

l?7. 

-15. 

17.2 

125.4 

lUOa 

4lba 

2U* 

112U124 

1^.1 

134, B 

15.2 

i  34  *ft 

13. 

-lb. 

ib.k 

l3|  .5 

90* 

lAr 

-3ba 

17.6 

128.4 

lUUa 

I6b, 

-10  a 

1  /ab 

124,2 

100* 

5?b. 

3Ua 

112U1B4 

1  J4.U 

100 

15.5 

1  34*11 

6b* 

n. 

-lb. 

17.1 

l3o.  1 

■^Sa 

19a 

•3l>  a 

17.6 

127.4 

1  06a 

iXHa 

5a 

17.5 

123,3 

lOba 

^#0  • 

45# 

II21O04 

Ib.y 

133.4 

115 

15.1 

133.1 

lUUa 

2l. 

-Iba 

l7.a 

129.9 

UOa 

3u* 

0* 

1^,4 

126.6 

lib. 

C4ia 

3U. 

l«.7 

122.4 

I3ya 

741* 

do* 

1 I2106Z 

10.3 

132.6 

1?0 

16.4 

132.4 

1  lb. 

13. 

-b. 

l8,n 

129.1 

uo* 

t>Ua 

ISa 

|R.6 

125.8 

,36. 

344, 

55. 

lba8 

121. b 

135. 

Kf:<3a 

96* 

1121122 

131.7 

125 

16.6 

l3l«6 

ICO. 

13. 

-6a 

l7.4 

127.8 

UO* 

134. 

?0* 

(h.D 

123.9 

,36. 

499, 

65a 

U.O 

0.0 

u» 

-Oa 

Ua 

1121192 

1^*4 

130.1 

125 

17.2 

130-7 

iCUa 

13. 

-b. 

18.3 

126.  1 

UO* 

i9u. 

30a 

IH.tt 

122*8 

,3ba 

bl2. 

75, 

UaO 

0.0 

Ua 

-0* 

U* 

1122u02 

iB.j 

129.9 

120 

18.3 

129.7 

1). 

b. 

l9.b 

l2b.e 

k-iO* 

kdi* 

3b. 

l^a/ 

122.5 

l^b. 

7o5. 

85, 

U.O 

OaO 

0* 

-0* 

u. 

1122u62 

l9*u 

129.1 

U5 

19.1 

129.5 

lib. 

13. 

0. 

21.4 

127.8 

95, 

i44l 

)b. 

?3a3 

130*4 

76. 

324, 

35. 

U«0 

OaU 

u* 

-Oa 

Ua 

1 122122 

20.1 

128.3 

ilO 

19.9 

128.? 

llu. 

13. 

Oa 

22.6 

126.2 

'»0. 

ib/a 

iirta 

OaU 

O.u 

y. 

-0. 

0. 

O.o 

0.0 

0* 

-0- 

u* 

U22i82 

2Uu 

128. b 

100 

21.2 

126.4 

loS, 

13. 

b. 

23.6 

131.3 

bb. 

30. 

O.U 

0*0 

Ua 

-0. 

0* 

UaO 

OaU 

Ua 

-0- 

Oa 

I12JU02 

21.7 

129.1 

95 

21.7 

128.4 

lov. 

11. 

b. 

24.3 

l3l.b 

90. 

l3o* 

40a 

OaU 

0-U 

U* 

-Ua 

0* 

<i»U 

OaU 

Oa 

-0. 

Oa 

112->Ub2 

22.7 

130.0 

HO 

22.3 

129.7 

9b, 

29. 

lb. 

24. a 

132.6 

OOa 

idea 

4u. 

OaU 

0;0 

0* 

-Oa 

Oa 

U*U 

0*0 

U« 

-Ua 

Ua 

112J122 

cS.i 

131.0 

70 

23.9 

131.3 

90. 

2». 

CO* 

O.o 

O.u 

Oa 

‘-ua 

Oa 

OaU 

0*0 

Oa 

-0. 

Oa 

Ua  0 

OaO 

Oa 

-0. 

U» 

112JiB2 

131.9 

60 

24.7 

132.7 

/b. 

44. 

lb. 

0.0 

II.  u 

0* 

-v» 

0* 

0*U 

0.0 

U* 

-0. 

0* 

11. 0 

OaO 

Oa 

-Oa 

Ua 

1I2«U0Z 

133. H 

bo 

25. b 

133.4 

bO. 

24. 

Ua 

0*0 

o.u 

0* 

-y  a 

0* 

OaU 

0.0 

u* 

-Oa 

Oa 

iuo 

OaO 

0* 

-Oa 

U* 

112AU62 

2b«4 

135.9 

40 

25.4 

135.0 

♦0. 

49. 

0. 

0.0 

u.u 

0* 

-ya 

U* 

o*u 

0-U 

u* 

-Oa 

U* 

0*0 

0.0 

Ua 

-Oa 

Ua 

Atio  fOHtCAbI  P0S1(  EfirtOH 
AVb  KlbMr  ANULE  EhHOR 
AVb  iNItMSiflt  HaG-ITUUE  ehhdr 
AVb  INlENSllr  HIAb 
NUHabR  uF  EuKECaSIS 


ai.l  forecasts 


wnNG 

24-hR 

4B-mR 

7?-hH 

19« 

96. 

269. 

4  34, 

1  Oa 

51. 

172, 

338* 

5a 

19, 

33. 

4ba 

-la 

2. 

0. 

-14* 

29 

25 

13 

21 

% 

17 

4 

IyPmUONS  enlLt  uwtR  jS  MS 


74-«H 

40-h« 

72-1 

14. 

V#v. 

2b9a 

434. 

iOa 

61  a 

I7fa 

53R. 

b* 

19. 

3-^* 

4ft. 

Ua 

?* 

U  a 

-U. 

28 

?b 

21 

17 

TROPICAL  STORM  WINNIE 
(November) 


H£SI  track 


PGSIT  MTNO 

1125122 

9.4 

147,7 

20 

1125182 

9.7 

147.7 

20 

1 120(102 

lU.U 

147.8 

2U 

1 126u62 

10.4 

147.9 

20 

1126122 

lU.b 

148.3 

20 

1120182 

10.8 

148.7 

20 

li27uOZ 

10.9 

149,2 

25 

U27u6/ 

11.8 

149.5 

30 

1127122 

12.6 

149,0 

30 
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ANNEX  B 


TROPICAL  CYCLONE  FIX  DATA 


1.  WESTERN  NORTH  PACIFIC  CYCLONE  FIX  DATA 


NOTE  1:  FIXES  PRECEDED  BY  AN  ASTERISK  (*)  WERE  NOT  CONSIDERED  REPRESENTATIVE  AMD  WERE  NOT 
USED  IN  DETERMINING  BEST  TRACK. 

NOTE  2:  UNDER  "SITE"  COLUMN,  ICAO  IDENTIFIER  IS  INDICATED  WITH  THE  EXCEPTION  OF  FLEET 
WEATHER  FACILITY,  SUITLAND  WHICH  IS  ENCODED  "FWFS". 
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128. 2E 

land 

POOR 

Circular. 

OflB 

bl 

iRl 200 

26. 4N 

1 26, IE 

LAnD 

6///7 

62 

IBl 300 

26. 8N 

128. OE 

LAnD 

35//2 

b3 

ISI 300 

26. 8N 

1 26. IE 

LAnD 

///// 

b4 

181100 

26. 3N 

128. OE 

land 

6//// 

6b 

IHI 133 

26. 6N 

128.0E 

land 

POOR 

CiRCulARi 

0*3 

6d 

1 0 1 500 

26  7N 

■'28  8E 

land 

AR//3 

b^ 

181 bOO 

26. 7N 

l’28loE 

land 

h//// 

bb 

181  bub 

26. 7N 

1 28. OE 

land 

POOR 

Circula  ri 

070 

69 

181330 

26. 7N 

128. OE 

land 

gdoo 

CiRCulARi 

0*5 

70 

IHISUO 

26. 8N 

128.06 

land 

637/2 

71 

1 81 300 

26. 8N 

128. HE 

land 

6//// 

72 

iBlbOb 

26, 8N 

128. 8£ 

land 

gdoo 

CIRCULAR! 

013 

73 

181&30 

27.  ON 

128. OE 

LAnD 

fair 

070 

74 

181S32 

26. 3N 

1 26. OE 

land 

gdoo 

CIRCULARI 

0*3 

7b 

131 700 

27.1  N 

128. BE 

land 

63//3 

7b 

181700 

26. 3N 

128. 6E 

land 

6//// 

77 

181 703 

27.1  N 

128. OE 

land 

FAIR 

CIRCULARI 

070 

76 

181730 

27. 7N 

1 28. HE 

land 

Fair 

CIRCULAR! 

025 

79 

181300 

27.  IN 

128. HE 

land 

3S//3 

60 

181900 

27. IN 

I28.8E 

land 

fair 

070 

81 

181300 

27. ?N 

128. OE 

LAnD 

6//// 

82 

181  310 

27, bN 

128, «E 

land 

fair 

CIRCULARI 

070 

83 

181330 

27. ?N 

128. 6E 

land 

fair 

CIRCULAR! 

020 

84 

181300 

27. IN 

128. HE 

land 

BSy/S 

6b 

181300 

27. IN 

128.7E 

land 

6//// 

86 

181310 

27,  ?N 

128, 7E 

land 

fair 

Circular. 

070 

87 

181330 

27, 7N 

128. 6E 

land 

fair 

Circular. 

0*5 

88 

182000 

27. 7N 

128, TE 

land 

88/74 

89 

182000 

27. IN 

1 28. 7E 

land 

6//// 

90 

182010 

27. ?N 

1 28. HE 

land 

GOOD 

Circular 

0*5 

91 

182030 

27. 7N 

128.be 

land 

GDOO 

CIRCULARI 

070 

92 

182100 

27. IN 

128. OE 

land 

73//4 

93 

182100 

27.1  N 

1 28. OE 

land 

6//// 

94 

182110 

27.  IN 

126. OE 

land 

faIh 

CiRCulARi 

070 

9b 

182130 

27. 7N 

126. OE 

land 

fair 

CIRCULAR! 

070 

9b 

1 82200 

27, 1  N 

128. OE 

land 

6//// 

97 

182210 

27. 7N 

126. OE 

land 

PDOR 

CIRCULAR! 

070 

■CODE 

HA08R 

sitf. 

rouff 

CONRENtS 

Position 

mno  no. 

^AX 

TUP  200 

26. 4M 

127. 8EI 

47931 

26, AN 

127. 8EI 

47931 

HAX 

TOP  320 

26. 4N 

iar.BEi 

47931 

26. 4N 

127, 8EI 

♦  7931 

26. 4N 

127.8EI 

47931 

HAX 

TOP  IbO 

2b«AN 

127. 8EI 

47931 

26.4M 

127.8EI 

47931 

///// 

26.2W 

127. Bll 

47937 

MAX 

TOP  ?00 

26.«rt 

127.8EI 

47931 

26. 4N 

127.8EI 

47931 

53216 

26«2N 

I2/.8EI 

47937 

MAX 

TOP  200 

26. 4N 

127.8EI 

47931 

2b«AW 

127.8EI 

47931 

MAX 

TOP  200 

26.441 

1Z7.8EI 

47931 

73212 

26.2m 

127.8EI 

A79T7 

MAX 

TOP  280 

26.4N 

1P7.8EI 

♦7931 

73211 

26. 2n 

ii/.BEl 

479:17 

26. 4W 

127.«E( 

47931 

HAX 

TOP  340 

26. 4M 

i2r.BCi 

47931 

73111 

26. 2n 

12T.BEI 

47939 

26. 4N 

127. BEI 

47931 

73113 

26. 2n 

127.8EI 

♦7937 

26. 4N 

*2T.0E( 

♦7931 

26, 4N 

127. 8Ei 

47931 

57/77 

24. GM 

125'.3£l 

479PT 

73012 

26.2M 

127.8EI 

47937 

26.4M 

127. 8£l 

47931 

HAX 

TOP  300 

26.4N 

127, 8E( 

47931 

-SySTEr  appears 

LESS 

OROANUEO 

26.4N 

I27.8£t 

47931 

SYSTEM  appears 

LESS 

organised 

?b«AM 

127. 8EI 

47931 

52608 

24.  BN 

12$;3EI 

479P7 

2b«AN 

i27.eEi 

47931 

52308 

24.  BN 

125',3B 

47927 

72212 

26.2M 

127, BEt 

47937 

51904 

24. BN 

123L3EI 

♦79P7 

72008 

26. 2N 

iar.BEi 

♦7937 

50706 

24.BM 

125!.3EI 

♦  79P7 

72403 

26, 2N 

127. 8EI 

♦  7937 

50812 

24..BN 

12S!.3EI 

♦  79P7 

TOOOO 

26.2N 

ia7,8Ei 

♦  7937 

26, 4H 

127. BEI 

♦7931 

53619 

2A»8N 

i23'.3II 

♦7927 

70511 

26.2N 

127. BEI 

♦  7937 

70107 

2  4.  BN 

i23',3El 

♦  7927 

70208 

26.2N 

127. BEI 

♦  7937 

26.4N 

127, BEI 

♦  7931 

53211 

24.,  BN 

i25L3El 

♦7927 

26. 4N 

127.  BEI 

♦7931 

26.AN 

47^31 

50211 

24.  BN 

12SL3EI 

♦7927 

26. 4N 

i27.0El 

♦  7931 

7350  7 

26. 2N 

127. BEI 

♦  7937 

26,4N 

i27.8El 

♦  7931 

26. 4N 

i27.8EI 

♦  7931 

73422 

24. BN 

125'.3EI 

♦  7927 

73605 

26. 2N 

127,8EI 

♦  7937 

hax 

TOP  400 

2&.4M 

127.  BEI 

♦7931 

73236 

2  4.  BN 

125'.3EI 

♦  T92T 

26. 4N 

127.  BEI 

♦7991 

70000 

2&.2N 

12  7.  BEI 

♦  7937 

73322 

24.8N 

i25'.3£l 

♦  7927 

73503 

26.2m 

127. BEI 

♦  7937 

73307 

26.2N 

127.  BEt 

47?^7 

HAX 

TOP  410 

26.4U 

127.  BEI 

♦  7931 

7*^35#! 

9A  .  AM 

t9«L3Ft 

a7«97 

73307 

i2T.8£l 

♦  7937 

26.4N 

127.  BEI 

♦7991 

MAX 

TOP  340 

26, 4N 

127. BEI 

♦7931 

73412 

24-,  BM 

123',  3  El 

♦7927 

73208 

26.2N 

12  7, BEI 

♦  7937 

26.4N 

127. BEI 

♦  7931 

HOV 

3620 

26.2m 

i27-.8EI 

♦7937 

MAX 

TOP  330 

26.4H 

127.aEl 

♦  7991 

63624 

24«BN 

i25'.3EI 

♦7927 

73611 

26. 2N 

12T,8EI 

♦7937 

26. 4N 

i27.8El 

♦7991 

MAX 

TOP  400 

26. 4N 

i27.BEI. 

♦7931 

73532 

24.  BN 

1231. 3EI 

♦  7927 

MOV 

3620 

26. 2N 

127.8EI 

♦  7997 

73611 

26. 2M 

i27,8El 

♦7937 

26. 4M 

i27,8EI 

♦  7931 

MAX 

TOP  310 

26. 4N 

l27,8El 

♦7931 

50000 

?4*8N 

i25'.3El 

♦  79i»7 

73506 

26. 2N 

12T.BEI 

♦7937 

26. 4N 

127.  BEI 

♦7931 

MAX 

TO  300 

26.4N 

127.  BEI 

♦7931 

52208 

24.  BN 

i25'.3El 

♦7927 

73504 

26. 2N 

12T.BEI 

♦7937 

26, 4N 

127.  BEI 

♦7931 

MAX 

TOP  310 

26. 4N 

127.  BEI 

♦7931 

71504 

24.  BN 

1231. 3EI 

♦7927 

TOOOO 

26. 2H 

127, BEI 

♦7937 

26.  4N 

l27.iB£l 

♦  7931 

MAX 

TOP  270 

26. 4N 

1 27,  BEI 

♦7931 

TOOOO 

26. 2N 

127. BEI 

♦7937 

26. 4N 

127.  BEI 

♦7931 
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va 

1 ^6, "t 

CTMCMLA^ 

OPO 

?b,4k 

127. 8£i 

4  7531 

vy 

1 9A.U£ 

.Am;) 

PDirt 

MAX 

TflP  P80 

<*6,4iu 

127, 8Ei 

47531 

ioo 

^  7  ,  ^  f.j 

1 

,A'n 

f>/ /// 

7061<: 

127. 8ti 

47537 

Ivi 

1  ‘it^33{i 

i?7,  ?.v{ 

I PA.^E 

-AmD 

Cli?C«lLA^ 

Of 

EYE 

VPPy  OFUS 

*Pp3S  TO  31  7.ILM5 

?6.4N 

1  27,8ti 

47531 

i vosoo 

^7.  Sf, 

iPT^.iE 

■.A  JD 

H//f/ 

70ilil 

26Hk 

127,821 

47537 

i  U  J 

19U013 

^7*  <i»w 

1  P7i,  )  t 

LA73 

SPWL  PP^AfUKES 

acus  iLt  secirNED 

?6,4M 

127.621 

47531 

10<i 

1  vil  3  J  LI 

lA-O 

Q-^JH 

HAX 

TOP  ?ao 

26.4k 

127.82! 

47  531 

IUd 

ii*OlUU 

?  7«  SM 

1 

LAmD 

h,/ / // 

7330<i 

26, 2N 

127.021 

47537 

LU5 

1  911 1  jo 

^7, 

I  P7^.0t 

la*j:> 

PDik 

HAX 

TOP  360 

26. 4N 

127. 8£i 

47531 

ivf 

i  9i)2U0 

?7.  7M 

1  pk.  3=; 

lAM) 

A//// 

70119 

26.2** 

127.821 

4  7537 

iua 

1  911  ?i  0 

?/, 

LA‘^D 

26.4W 

127.82 

47531 

iOV 

1  9i>?j0 

7n 

1  1  f 

lAmD 

MAX 

TOP  ?70 

26. 4n 

127.82! 

4  7  531 

llu 

i9ci3U0 

J  4 

1 

i.AM.'l 

A//// 

70119 

26.2W 

127.82! 

47537 

111 

l9l|!|U0 

?7. 

Hk.  1  “ 

.A*jD 

A//// 

73b09 

?6i2N 

127.821 

47537 

11^ 

1  9ll  >0  0 

\  1 

1 vk, 1 r 

lAM^ 

A///i 

>//// 

?8.4M 

129'.5Ei 

47509 

Hi 

i  911  >0  0 

1  M 

1  1 1 

land 

A//// 

73909 

26*2n 

1  27.821 

47537 

i  1  4 

1 90000 

2h,  :>*>j 

1 Pk 

LA-4D 

AA//i 

30211 

28.4*4 

1  29.521 

475t19 

i  1  :> 

i  OilOUO 

?k,4M 

land 

A//// 

73>ll 

26, 2w 

127.821 

47537 

1 1  f> 

1 90  f UO 

1 

land 

AS/  I  P 

50  316 

28. 4W 

129-.SEI 

475T»9 

1 1  7 

i 90900 

7ri 

1  P  79 , 4  E 

lAnD 

AS// J 

53bl9 

26. 4M 

I29'.5£l 

475t)9 

iia 

1911900 

?  *  9  ■•» 

1 Pk,4E 

land 

AS//J 

5361U 

26. 4N 

129'.5ti 

475119 

11^ 

191000 

/^K,  iN 

lPh.4E 

land 

AS//i 

336Q> 

26. 4M 

129-.52I 

475119 

HU 

1 91 300 

1 Pk.^E 

land 

A/// J 

5360> 

28. 4n 

129'.S2l 

475119 

l^i 

191900 

5‘N 

land 

A///J 

>3611 

26. 4N 

129’.5£i 

475119 

1 9 1 >00 

1 Pk,4E 

land 

A///J 

33311 

26, 4n 

129-.52I 

475119 

I'd'S 

1 91 700 

P'7, 

1 

land 

A///J 

60106 

26.4N 

129'.52I 

475119 

19^030 

in  ,  1  H 

1  PTi.HE 

land 

MOW 

OPTA 

s^moMOSHiKi 

47762 

TROPICAL  STORM  ROSE 

84TEHITF 

FUXES 

Fl* 

TiNi 

FtX 

no. 

<21 

position 

»Cc8y 

0933*K  eOOE 

S«T 

COMHFNTS 

SITE 

1 

201443 

17. 8N 

132. OE 

Pen  6 

pgtw 

2 

202229 

16.6N 

130.7E 

Pen  5 

Tl.0/1 

.0 

OmSPTA 

mu  JUS 

RPMK 

3 

210044 

16.3N 

130. 2E 

Pen  b 

Tl.0/1 

.0 

NOAAS 

miT  OSS 

PGTW 

9 

210145 

16. 3N 

120.BE 

Pen  6 

DksPlS 

PGT8 

5 

210146 

16. 4N 

129. BE 

Pen  b 

OimsptS 

rpmk 

6 

211124 

IT. IN 

179. 2E 

Pen  6 

NffAAS 

Cl  U084 

pgtw 

r 

220DOO 

1S.7N 

12B.2E 

Pen  b 

Tl.0/1 

.0  /S0.B/23HR<! 

pgtw 

8 

220309 

19.6N 

176.8E 

Pen  3 

0M55P1*> 

0U4L  L08  LVL  CTRCULAflOn  EXPOSED  PGl8 

9 

270309 

1T.8N 

128.1E 

Pen  5 

Tl.n/1 

.0  /SO.0/29H88 

0«fiPlS 

NO  LOW  LVL 

Cl RCULATIOn 

rpmk 

10 

221236 

In.Sn 

126.9E 

Pen  6' 

NOAAS 

pgtw 

11 

221551 

16. 9N 

175.1E 

Pen  5 

rodn 

12 

222335 

18. 4N 

124.8E 

Pen  5 

T2.n/2 

.0  /D1.D/21HHS 

0WSP3A 

RPHK 

13 

222336 

18.BN 

124.se 

Pen  b 

12.0/2 

.C  /O1.0/24MRS 

OMSPIA 

SECUnj4RY 

20. 5n  125. 3E 

PGTW 

19 

230112 

18. 7N 

12*. 6E 

Pen  b 

NOAAS 

PGTn 

15 

230252 

18. 7n 

124. 5E 

Pen  b 

QiMSP'^S 

PGTW 

16 

230262 

18. 4N 

123. 9E 

Pen  b 

T2.0/2 

.0 

O'MSPlS 

mil  3ds 

RODn 

17 

230252 

la.SN 

124. 7E 

Pen  b 

0‘MSPlS 

RPMK 

18 

231133 

18. SN 

124. IE 

Pen  6 

QMSPl? 

RODN 

19 

231133 

19.0N 

124. 5E 

pen  b 

OiMSPlT 

RPMK 

20 

231152 

18. SN 

123. 7E 

pen  6 

N<rfA4S 

PGTW 

21 

231218 

18. 5N 

124. 3E 

Pen  6 

OmSP'^A 

RODn 

22 

231218 

18.8N 

124. 2E 

Pen  b 

O’USP^A 

RPMK 

23 

231533 

18. 7N 

123. IE 

Pen  b 

OiMSPl^ 

PGTW 

29 

232233 

21. ON 

122.6E 

Pen  3 

O'MSPT? 

RPMK 

25 

232319 

21.3N 

122. 6E 

Pen  3 

T2.5/2 

.5>/oa.>/24HR>; 

Omspia 

PGIW 

26 

232319 

21. 2N 

122. 5E 

Pen  3 

T2.0/2 

.0 

Omspma 

mir  ws 

rkso 

27 

232319 

21. 2N 

122.5E 

Pen  3 

T2.0/2 

.0  /SO.0/24HRS 

QaISPIA 

RPMK 

28 

290028 

21.4N 

122. 5E 

Pen  3 

Noaas 

PGTH 

29 

241114 

22. 7N 

122.0E 

Pen  b 

0MSP17 

NO  lOX  LVL 

CTRCMLATION 

RODn 

30 

241201 

22. 7N 

121. 5E 

Pen  6 

0mSP^6 

PGTW 

31 

241S15 

24. 6w 

121. 8E 

Pen  b 

DrtSP36 

NO  aPPNNT 

LOv  LWL  CIMCULRTlfin 

PGTW 

32 

241516 

24 .68 

121. 9E 

Pen  b 

OwSPlS 

NO  aPRRnt 

LOW  LVL  cmcUL»Tlon 

RKSD 

*l3ei9»FT  FIXES 

FIX 

TiHEi 

FIX 

FLT 

nin 

OBS  MtX-SFC- 

8nD  M4X-FLT-LWL-8Nri 

ACCRY  EyE 

Eye  ORlEn- 

EVE  TEM»!  1 

tr) 

NO. 

tz> 

POSITION 

L9L 

hot 

mslp  VELFRRe/HnG  iiiR/VEL/Bxo/nnfi 

NAV/mET  SHaPE 

OIAM/TATION 

UUT/ 

IH/ 

jP/SST 

nu. 

1 

220154 

1S.6N 

I2T.2E 

ISOOFT 

1003  30  070 

070  1*0 

032  OBO  08(1 

04  02 

♦  26 

♦24 

01 

2 

230112 

18. TN 

124.6E 

ISOOFT 

9B9  65  070 

50  IbO 

55  070  30 

*26 

02 

3 

230305 

16. 8N 

124. 5£ 

7oOMU 

3039 

993  030  090 

010  080 

045  3bO  92(1 

Ob  Ob  CIRCULAR 

In 

«I8 

♦  IS 

02 

■  4 

231600 

18. 7N 

123. 5E 

TqOMB 

3096 

1004 

2S0 

035  190  040 

20  20 

*^10 

♦  lo 

03 

5 

232142 

20,9N 

122.6E 

TOOHB 

3068 

995  035  310 

015  230 

030  170  tin 

0?  03 

♦  16 

2% 

04 

6 

240959 

"22. 6N 

121. 8E 

TOOHB 

30B2 

|002  030  160 

040  210 

040  210  040 

<2  10 

♦  M 

♦  14 

♦  1^ 

05 

7 

241140 

22. 5N 

121.8E 

700MB 

3062 

26(1 

31  IbO  31 

♦  13 

♦  13 

05 
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TROPICAL  STOHK  SHIRLEY 


«:»TELLrTE  FIXES 


FIX 

TTNi 

FTX 

NU. 

(Z) 

POSITTON 

xCCRY 

DVORAK  code 

SAT 

COnnfnTS 

SITE 

] 

2712*9 

H.3n  122. 6E 

?CN 

5 

NnAA5 

UPPER  LVI 

pgtm 

z 

272256 

11.2N  117. 8E 

PCN 

5 

DMSB37 

rphk 

3 

272351 

lO.BN  118. OE 

PCN 

«> 

71.0/1.0 

0HSP38 

INIt  38S 

rpkk 

2B0125 

9.*N  119. 5E 

PCN 

S 

Ti. 0/1,0 

Noaas 

INIT  33$ 

pgtn 

5 

23030* 

lO.lN  119. 3E 

PCN 

b 

DMSP95 

RPHK 

6 

291137 

l0.*N  118. 8E 

PCN 

6 

DMSP37 

Cl  DOAN 

RPHK 

7 

281205 

ln.*N  117. IE 

PCN 

6 

NOAAS 

Cl  DOAN  upper  LVL 

POTA 

H 

2815*6 

10. *N  118. OE 

PCN 

b 

0NSP35 

RPHK 

9 

282237 

la.3N  118. *E 

PCN 

5 

71.0/1.0 

DNSP3T 

INIT  3«5  SECONDARY  12. 2n  llS.OEl 

ROON 

10 

232333 

10.9N  117. 7E 

PCN 

5 

Tl. 0/1.0  /Sa.a/22HRS 

DNSP38 

pgTa 

11 

28233* 

l0.2N  117. ♦£ 

PCN 

b 

0i*SP*8 

ROON 

12 

2900*1 

lO.ON  117. 6E 

PCN 

b 

NnAAS 

pgta 

13 

291113 

11. 3N  115. 3E 

PCN  6 

0MSO37 

ROON 

1* 

291216 

11. 2N  115. *E 

PCN 

b 

0MSP35 

Cl  sane 

RPHK 

IS 

291528 

12. In  113. 

PCN 

b 

0NSP3S 

pgth 

16 

292217 

13.'2N  ni.BE 

PCN 

3 

72.0/2.0 

ONSP37 

INIT  34S 

RPHK 

17 

292238 

13.2n  n?.5E 

PCN 

b 

72.0/2.0  /D1.0/23HR< 
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13  250160  18. 9N  150. 3E  PCM  6  DM5P35 

15  2509'40  20,08  145.6E  PCM  6  Dhsp37 

l3  25'Hi4»  18.5N  150. 7E  PCM  b  DMSP37 

16  251251  20.48  145. BE  PCM  6  0«SP35 

17  25203B  20.48  149. ?E  PCM  b  t4. 0/4.0  /O1.0/24HR5  0MSP37 

la  252035  2o,3N  149. 4E  PCM  b  t4, 0/4.0  0M5P37 

19  260132  21.78  148. 9£  PCM  6  0HSP3S 

20  260919  21.88  147. ME  PCM  5  DMSP37 

•21  26iP919  21  .38  1  48. ME  PCM’  6  DMSP37 

22  261414  21,88  147. BE  PCM  5  DMSP3S 

23  262013  21.58  148, IE  PCM  b  DHSP37 

24  262215  21.98  148, OE  PcM  3  DM5P36 

25  27»U4  21.58  147. OE  PCM  b  DMSP35 

26  270115  21.58  147. BE  PCM  5  t3, 0/4.0  [)P5P35 

27  270900  21.88  147. *E  PCM  4  0MSP35 

25  27o9O0  21.58  147. 4E  PCM  4  0MSP37 

29  271057  21.88  146. ME  PCM  4  0MSP36 

30  2713B7  21,78  147. 2E  PCM  b  0MSP35 

31  271959  21. >8  147. 2£  PcM  b  T5.0/5.0  /O1.0/24HH5  0MSP37 

32  272168  21.78  147. 4E  PCM  b  T3.5/3.5  0«*SP36 

63  272158  2l,38  147. 5£  PcM  b  0M5P36 

34  280056  21.58  1 47.7E  PCM  5  0M5P15 

35  280340  22,78  147.4E  PCM  6  0H5P37 

3b  281040  22.78  147. 2E  PCM  4  DMSP36 

37  281040  22.18  147. 2£  PCM  5  DMSP36 

3d  201339  22.08  146, 6E  PCM  6  DM5P35 

39  281357  21. 7H  147. ME  PCM  5  OMSPIB 

40  282121  22.38  146. ME  PCM  3  DMSP3T 

41  282121  22.78  147.0E  PCM  3  DHSP3T 

42  282141  22,78  146. 7E  PCM  3  t4. 0/4.0  DMSP36 

43  282141  22.98  147.2E  PCM  3  T4.5/5.()./80,5'/26HR5  OMSP36 

44  290039  22.38  147. 3E  PCM  4  '  OMSP35 

45  291002  24.08  147.32  PCM  4  0MSP3T 

4b  291002  23.88  146, BE  PCM4  0MSP37 

47  291  022  23,98  146. 6E  PCM‘  4  0MSP36 

48  291023  24.18  146, 6E  PCM  6  DMSP36 

49  291320  24.08  146. 5E  PCM  4  DMSP35 

bo  292102  25.08  I45.0E  PCM  3  DMSP37 

51  ,292102  25.38  145. 6£  PCM  5  t4. 0/4.0  /SO.O/24HR5  DMSP3T 

52  292124  25,08  145. IE  PCM  3  T4.5/4,5  /50.0/24HR5  Dti(SP36 

53  300203  25.68  I45.0E  PCM  3  D8SP35 

54  300203  25,98  144.7E  PcM  3  T4.0/4.0  DNSP3S 

55  300203  25.88  1  44.ME  PcM  4  0hl5P38 

5fa  300943  27.38  143.9E  PCM  6  DNSP37 

57  300943  27.38  143. ME  PCM  4  OMSP37 

58  301005  27.38  343. 7E  PCM  4  DM5P36 

59  301444  27. 58,1 43, 6E  PCM  4  0M5P35 

60  301445  27.58  143.6E  PCM  5  0N5P35 

61  302043  28.78  141. OE  PCM  3  73.0/4.0  /01.0/24HR5  0NSP37 

62  302043  28.88  1*2. 8E  oCM  1  T3.5/4.5  /01.0/24HR5  0NSP37 

63  302106  28.88  142. ME  PCM  3  0MSP36 

64  310145  30.98  142. 8E  PCM  3  73.5/4.0  /80.5/24HR5  DNSP15 

67  310145  30,38  142. 8E  PCM  3  DMSP35 

66  310923  31,38  141. 9£  PcM  6  DHSP37 

67  31(i92!3  31.58  141. 8£  PCM  4  DMSP3T 

68  311129  31.98  141. BE  PCM  4  0H5P36 

69  311426  32.18  141, 6E  PCM  3  0M5P3S 

70  3i142'7  32.58  141. 7E  PCM-  3  0MSP35 

71  311427  32.48  142, 0£  PCM  3  0M5P35 

72  312023  33.38  141, 5E  PCM  1  t3. 0/4.a-/Na. ;/24HR5  DMSP37 

^3  31223*1  33.38  141. BE  PCM  3  DMSP36 

74  312346  33.58  1*1. IE  PCM  3  N0AA5 

79  010127  34,18  141. 6E  PCM  3  T3.0/3,5-/WO.5y24HR5  DN.SP35 

•  b  U1012‘7  34, IN  l4lab£  PCV  3  DMSP'^S 

77  010904  35.58  142, OE  PcM  6  DMSP37 

78  010904  35.28  141. BE  PCM  3  0MSP37 

•  79  011045  30,58  142. 3E  PCM  4  DHSP37 

BO  011112  3s, 88  142, SE  PCM  3  DMSP36 

81  0111*0  36.48  143. OE  PCM  3  DHSP3S 

B2  012004  38,58  144. OE  PCM  5  T2. 0/2.0  ONSP37 

B3  012004  37.78  143. ME  PCM  5  0H5P37 

B4  012213  38.78  1*4. IE  PCM  5  t3. 0 /4.0-/S0 . 0/24HR5  0NSP36 

B9  012213  J8.R8  144. 3E  PCM  5  T2.0/3.0-/N1 .0/24HR5  0NSP36 

Bb  012302  38.98  1*4. 3£  PCM  5  NnAAS 

07  020942  40.18  147. ME  PcM  6  Nn**5 

Bb  021026  40.58  148, ?E  PCM  5  0HSP37 

BM  021026  40.68  I4B.6E  PCM  6  DMSP37 

Mu  021055  40.58  148, 6E  PCM  5  0M5P36 

Ml  O3OOI5  43.58  l5n.4E  PcM  5  NOAAS' 
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73.0/3.0 

/DU.5/24MRS 

/D0.5/2AHHI: 

OmSP  47 
0msP'4^ 

0USP-;|>% 

.  O/3.O-/SO.0/2*HHc: 
,5/3, 5-/00. »/2shR<; 


T3.0/3.5-/W0.5/Z0HRC 


DM<;»3  t 

OmspiT 

0M5P3h 

0hc;U37 

0MSP3F 

0m5P3A 

0W5P 

DMSP3F 

DM^P3T 

DMSP3A 

0H^P3A 

0M5P1S 

0WSP3S 

DPSPIF 

DMSP3F 

0MSP3A 

OMSPis 

OMSP3T 

E)m5P37 

0MRP3A 

0m<;P3S 

DMSP3S 

om<;p^s 


Cl  UU<<I 


SITE 


PGll< 

PGTW 

PSl«l 

flPMK 

«PMH 

PGTil 

PGl* 

RODN 

PGTW 

P6TW 

RPMK 

rkso 

PGTlri 
RPMH 
PGTi( 
POOS 
PGT  It 

pgto 

RUSO 

ROON 

pgto 

PGTO 

ppmk 

pgt<i 

pgto 

RKSO 

RODS 

RKSO 

PGTW 

rkso 

PGTiI 

pgto 

RODS 

PGlO 

PGTM 

pgTo 

RKSO 

PGTK 

PGTK 

RkSO 

RODS 


htrcr*ft  fixes 


FIX  Time  fix 

NO.  IZI  POSITION 


FUT  sis  OSS  K4X-SFC-PS0 
LVL  SGT  MSUP  VEE^RRG/psG 


mxX-FlT-’LvL-xno  ACCRV  EyE 

OIR/0EL/3R6FxNG  NAV/mET  SHa^E 


EYE  ORlEs-  Eve  TEsP.  cc>  sSS' 
OIjiH/TATION  OiiT/  INF  OP/SST  SO. 


1 

120727 

25,5m 

173. IE 

TOOMB 

2 

170935 

25. 7N 

123. 5E 

7o2MB 

J 

131225 

25. 4N 

124. IE 

700NB 

4 

14U100 

3o.3N 

124. TE 

ToOMB 

5 

140333 

30.5N 

125. IE 

7o0NB 

b 

141246 

3). AN 

12A.2E 

7n0MB 

7 

141546 

32. ON 

12A.8E 

7nOMB 

2957 

965 

30 

030 

30 

ISO 

7967 

966 

60 

220 

10 

170 

IPO 

2905 

979 

65 

llO 

75 

IPO 

2906 

9  78 

110 

2987 

976 

170 

7875 

972 

?40 

40 

OBO 

6n 

57 

090 

20 

1  2 

CIRCULAR 

15 

58 

010 

30 

70 

110 

20 

74 

OBO 

25 

5  5 

CIRCULAR 

30 

53 

oso 

20 

90 

IdO 

50 

2  3 

CIRCULAR 

25 

♦15  ♦!?  ) 

♦12  ♦IS  ♦!?  1 

J 

♦lA  ♦!?  A 

♦11  ^13  ♦!?  A 

♦15  ♦!?  5 

♦13  ♦lA  ♦!?  5 


PA3AP  FIXES 


FIX 

Time 

NO. 

IZ) 

1 

111939 

2 

112000 

3 

I12IOO 

4 

112100 

5 

112200 

6 

112200 

7 

112300 

d 

II23OD 

9 

120000 

10 

120000 

11 

120100 

12 

120100 

13 

120200 

14 

120200 

IS 

120300 

16 

120400 

iir 

120400 

IB 

120500 

19 

120700 

20 

120700 

23 

122000 

22 

130100 

23 

130200 

24 

130237 

29 

131319 

FIX 

POSTTTOS 


2A.3N  1?2.#E 
Za.AS  1PP.9E 
2A.7U  IPP.BE 
2a,5N  IPP.'FE 
2a.TN  1PP.eE 
2A.TN  1PP.6E 
25, ON  IPP.TE 
Za.RN  1P2.GE 
25. IN  12?. NE 

25, 2n  1PP.se 
25.3N  12P.GE 
25. 2N  12?. &E 
25. 3N  IPP.OE 
25. 2N  122.6E 
25. 2N  12?. TE 
25. 3N  122.«E 
25. 5N  122. HE 
25. 3N  122. ‘’E 
25. AN  123. IE 
25. AN  I23.2E 
27. ON  123. 3E 
27, AN  123. SE 
27. 5N  123. 3E 
27. AN  1?3*eE 
23. AN  '12A.1E 


RaDaR  ACr«Y 


LAsO 

land 

l*no 

EAnO 

land 

LAND 

land 

LAnD 

land 

land 

land 

land 

land 

L*nD 

LAnD 

land 

land 

land 

land 

land 

LAND 

land 

land 

acft  good 
acft  good 


£VF  EYF  RAn<>8-COOE 

SHAPE  OIAH  ASSAH  TOOFF 


215/1  ///// 

X,s//l  40217 
G///1  5351s 
A5//A  5/FF/ 
G///1  53305 
55//*  53314 
A///2  53514 
A///3  5020B 
A5//J  53210 
A///J  5011S 
G///3  53505 
A///3  52J05 
G///3  50100 
G///A  5OOQU 
G///A  5070 Y 
A///3  50515 
tytUt  5050a 
5///A  50000 
♦  OSOa'  S05o5 
A5/II*  7100? 
3///*  53405 
A//15  50214 
N///5  53011 

CTRCIILAR'  35 


COMMENTS 


EvE  IONM  thick  5*1  WRS 
54  WRS 


HADaR 

sITf 

P0i»1  tjOHi 

mmO  wo. 

?4,iN 

1 24. 2t 

*7918 

24. 3N 

1  24. 2E' 

*7916 

124.2E. 

*7919 

24, H»- 

1  25. 3E. 

*7927 

?4.3*^ 

I24.2E 

*7918 

24, BN 

127. 3E' 

*7927 

24, JN 

124. 2E' 

*79l8 

2%.BN 

1  25.3E’ 

*7977 

?  4,  JN 

124. 2E 

*7919 

24.HN 

125, 3E 

*7927 

?4.3N 

124.2e 

*7918 

24  BN 

125, 3E. 

*7977 

24. 3N 

124.2E1 

*7918 

24. BN 

125.3Ei 

*7927 

24. HN 

125.3E 

*7927 

24. BN 

1 25. 3£ 

*7927 

24. 3N 

124. 2t 

*7918 

24,  BN 

125, 3E‘ 

*7927 

24.  BN 

125.3E 

*7927 

24.  3N 

124.2E. 

*7916 

24  .Bn 

125. 3E’ 

*7927 

24,  BN 

125.3E 

*7927 

24. BN 

125. 3£ 

*7927 

26. BN 

123. 9E 

29. 4N 

126. 6E1 

141 


26 

U130U 

3?.5n 

12.7.3E 

LAnO 

55//0 

60616 

33, 6N 

130. 3E^ 

67S06 

27 

UiOOO 

32. 5N 

1  27, 3E 

LAn3 

SS//U 

60605 

33.4M 

!30*3£« 

47406 

20 

U210Q 

3?, 6m 

127. 9E 

land 

55//1 

50716 

33. 6N 

130. 3Ei 

47506 

162200 

32. 7N 

12R.3E 

LAND 

55//1 

50719 

33. 6N 

13D*3E 

47S06 

30 

I423OO 

33. ON 

12H.5E 

LAND 

S5//1 

50319 

33, 4N 

130. 3Ei 

47706 

31 

162300 

35. ON 

120. 5E 

land 

r4lR 

40 

EyE 

MOV 

0625 

SCauRl 

32 

15JOUO 

33. 2N 

12P.be 

land 

70^1  i 

50516 

33. 6M 

130. 3£ 

47506 

33 

15U000 

33. 2N 

120. 7E 

LAND 

Ft  IR 

*0 

EVE 

MOV 

0625 

SfBURl 

34 

150100 

33. IN 

120. 9E 

land 

50311 

33*4m 

13D*3E> 

47506 

36 

15U100 

33. 3N 

1 2R.9E 

land 

(jDOD 

45 

EVE 

Mnv 

ob25 

5EBUR1 

3b 

150200 

33«'^N 

129. IE 

land 

10811 

50blb 

33,4*» 

130.3E' 

47506 

31 

15U200 

33. 6N 

12R.2E 

land 

fair 

46 

Evf 

MOV 

0625 

SEBUR 1 

38 

150230 

32. 5N 

129. 6E 

land 

priboi 

4//// 

36. 3N 

132.6EI 

47792 

39 

15U300 

33. 7N 

129. SE 

Land 

1N431 

50622 

33. 6N 

130,3E 

47AO6 

4U 

150300 

33, 5N 

1 2R.7E 

land 

70411 

60»16 

.34, 3N 

132,6£ 

67792 

•41 

150300 

33. 5N 

129. 7E 

land 

Poor 

40 

EYE 

MOV 

0620. 

SFBllRI 

4<' 

150400 

33. ON 

1 50. 6E 

land 

50951 

50522 

34  .SM 

132.6E< 

47792 

43 

15O6O0 

33. RN 

i39.7E 

land 

16851 

50616 

33. 6N 

1  30. 3E! 

47506 

44 

150600 

33. RN 

129. 9E 

land 

POOR 

?n 

EVE 

NOV 

0520 

mTSHIMA 

48 

150500 

36. ON 

130. 6E 

land 

50516 

34. 3N 

132.6E' 

67702 

4b 

150500 

36.  IN 

150.TE 

land 

A5/// 

50622 

35. 5N 

133. 1E> 

47791 

4f 

I505OO 

36.  IN 

150. 2E 

land 

7SR41 

50625 

33. 6N 

130. 3£i 

67906 

48 

I505OO 

33. ON 

no.EE 

land 

PtDR 

10 

EVE 

MOV 

0630 

MiSHtHA 

49 

150600 

36. 3N 

130, «iE 

land 

POOR 

95 

EVE 

MOV 

0625 

■  AKAO 

35. 6N 

133.2E> 

50 

150600 

36. 2N 

150. 8e 

land 

65//^ 

5//// 

35. 5N 

I33.1E 

67791 

81 

150600 

36.  IN 

150. 6E 

land 

75A4i 

50722 

33. 6N 

130. 3E' 

47506 

52 

150700 

34. 3N 

1 50. 9E 

LAnO 

POOR 

70 

EVE 

MOV 

0720 

TAKAO 

35. 6N 

133,2£. 

5i 

150700 

36.  ?N 

ni.OE 

land 

21971 

60816 

33.4N 

130. 3E! 

87906 

5* 

150700 

36.  ?N 

151. IE 

land 

50816 

35, 5N 

133. lEi 

67791 

55 

150300 

36. 6N 

lit .6E 

land 

50821 

50722 

34. 3M 

t32.6Er 

67792 

8b 

150300 

36. 3N 

131. 3E 

L*nO 

21981 

50616 

33. 6« 

130. 3E> 

67906 

5F 

150800 

36. 3N 

131. 5£ 

lAnO 

35//1 

50716 

35. 5N 

133. IE: 

67791 

88 

\ 

lit  A  U 

1  •>>  1  t.e 

1  £Ain 

1  t 

gflUi  A 

89 

150000 

36. 5n 

i5i.9E 

land 

PdOR 

■^0 

EvE 

MOV 

0920 

lAKAO 

35^  6N 

i'Ib^HEi 

*/  ‘ 

bU 

150700 

36.6N 

131. 9E 

land 

35// X 

50722 

35.5N 

133.  IE 

47791 

61 

150700 

36. 6N 

151. 8E 

LAnO 

2191  1 

60719 

33,6M 

130. 3E 

67906 

b2 

151000 

36. 7N 

132. OE 

LAND 

51941 

60622 

33,4il 

I30.3E 

67906 

63 

151000 

36. 5N 

132. 2E 

land 

/5//i 

50716 

35. 5N 

133.1E: 

67791 

64 

151000 

36. 3N 

132. IE 

land 

55// 1 

50922 

36.  3M 

132.6EI 

67792 

66 

ISllUO 

36. 6N 

132. 7E 

land 

/5/// 

50716 

35.5N 

133.  1E> 

67791 

66 

151100 

36. 7N 

132. 6E 

land 

34//0 

60519 

33. 6M 

130. 3E> 

67906 

67 

I5IIOO 

36. 6N 

152. 6E 

land 

5///1 

50722 

34.3N 

132.6E 

47792 

68 

151200 

36.  RN 

135. OE 

LAmO 

25//U 

50532 

33,6111 

13a.3Ei 

67905 

69 

151200 

36. 6N 

132. 8E 

land 

///// 

50916 

35. 5N 

133.1E' 

67791 

70 

151200 

36. 7N 

1  33 . 1 E 

land 

1///1 

50827 

34.3M 

132.6E! 

47792 

7J 

151300 

36. 7n 

133. 6E 

land 

///// 

50819 

35.5N 

133. lEi 

67791 

72 

151300 

36. RN 

133. 6E 

land 

3///1 

50619 

34«3N 

132.6EI 

67792 

7J 

I5I6OO 

36. 6N 

135. «E 

land 

///// 

51026 

35. 5N 

133. 3E' 

67791 

76 

151600 

36.  RN 

133. 9E 

land 

3///1 

50&26 

36, 3N 

132,6E: 

67792 

142 


TYPHOON  JODY 


I'llTEl  t  TTIr.  FlXtS 


FIX 

II-4-: 

rrx 

NO. 

(Z1 

P05XTTir>N 

aCcRY 

0V3»4K  CODE 

941 

t JNMFN 

1 

091006 

19.3N 

I  66 , 3F 

PCN  6 

DU5H36 

APPAMin  LI 

2 

092106 

19. 9N 

1 60. 5E 

PCN  b 

TO. 0/0.0 

INII  J3S 

3 

100948 

2n.9N 

1 6ft. BE 

PCN  4 

OMSK  ^6 

EAPOScO  1  LI 

V 

102049 

22, IN 

I67.0E 

PCN  4 

Tl.O/l.O  /Dl.a/24H»6 

Oi«Sft36 

3 

110931 

23. IN 

1  53. 3E 

PCN  b 

Oh5D^6 

EXIKAP.  in 

b 

11201S 

22. 9N 

I60.2E 

PFN  5 

T2.0/2.0  /O1.0/24HH6 

DM6P37 

7 

121055 

23.66 

1 40. OE 

PCN  3 

DMSP 

a 

121332 

23. 8N 

147.9E 

PCN  3 

Om<;P3S 

9 

121958 

24. 7N 

1 47.2E 

PCN  3 

D«5P37 

lu 

122156 

24. 5N 

147. OE 

PCN  5 

T3.5/3.5  /01,5/26HH6 

0>iSP36 

11 

136033 

24. 6N 

146. 7E 

OmSPiS 

12 

130939 

25. 5N 

146, 5E 

PCN  b 

OmSP 17 

13 

131038 

26. 4N 

146, IE 

PCN  4 

0N5P36 

1* 

131038 

26. 5N 

146.3E 

PCN  b 

DMSP36 

IS 

131314 

26. 9n 

146. IE 

PCN  5 

0MSP35 

lb 

132120 

27. SN 

145.4E 

PCN  6 

0M5P37 

1  1 

132139 

27. 4n 

148.5E 

PCN  5 

t4. 0/4.0  /l>0.5/24Hft': 

Dmsp^6 

lb 

132139 

27, 5N 

146. IE 

PCN  6 

Dft5P36 

19 

ItlOOl 

28. 3N 

1*5. OE 

PCN  3 

DMSP17 

20 

141001 

28. 5N 

1 4  4 . 9E 

PCN  6 

UMSP37 

21 

141001 

28. 5N 

145,0E 

PCN  6 

DNSP37 

22 

141020 

28. 4N 

145,0E 

PCN  3 

DMSP36 

23 

141433 

28, 6M 

144. HE 

PCN  6 

DMSP35 

2* 

141438 

28. 8N 

144.6E 

PCN  6 

Omsp-^s 

2S 

142101 

29. 3N 

1  *  4  a  2E 

PCN  1 

t4, 0/4.0  /SO.O/23HR9 

0M5P37 

2b 

1x2101 

29.  SN 

I44.0E 

PCN  2 

T5. 0/5.0 

0HSP37 

INII  08S 

27 

142101 

29,  ?N 

1 44. 4E 

PCN  2 

t5. 0/5.0 

0M5P37 

INII  38s 

28 

142121 

29. 4N 

1 44. IE 

PCN  3 

0IXSP36 

29 

150139 

29. 9N 

144. IE 

PCN  1 

0«SP35 

30 

150942 

Sl.ON 

1 44. 6E 

PCN  2 

OMSP37 

RAGGEO  Eye 

31 

150942 

3n.8N 

1 44. 6E 

PCN  2 

DM5P37 

Cl  pane 

32 

151003 

30. QN 

1 44. 5E 

PCN  2 

0M5P36 

33 

151145 

31.I.J 

144.8E 

PCN  1 

0MSP36 

3b 

151421 

3l  ,6N 

I44.be 

PCN  2 

0MSP3S 

3S 

151421 

31 .6N 

I45.0E 

PCN  2 

DNSP35 

36 

151421 

31.6N 

144. 7E 

PCN  1 

DNSP35 

37 

152041 

33. ON 

1 45.be 

PCN  2 

TS. 0/5.0  /S0.0/'24HR5 

DMKP37 

38 

152041 

32. 8N 

145.5E 

PCN  1 

T4. 5/4. 5-/00, 5/24HR6 

DM5P17 

39 

152104 

32, 9N 

I45.6E 

PCN  1 

DMSP36 

b« 

152245 

33.  ?N 

I46.0E 

PCN  1 

DMSP36 

♦  1 

160121 

34. ON 

146. IE 

PCN  1 

0USP35 

♦  2 

160922 

36. ON 

14R.5E 

PCN  2 

DNSP37 

43 

160922 

35.  ON 

148. 4E 

PCN  1 

0W5P3  7 

Cl  SANE 

44 

161128 

36. 4N 

149.2E 

PCN  1 

0N5P36 

4S 

161403 

37, ON 

149. 7E 

PCN  3 

QuSPlS 

4b 

162022 

39, 2h 

152.5E 

PCN  5 

□m5P37 

47 

162022 

39.  IN 

15P.3E 

PCN  3 

T3, 0/4.0  /K1.5/24HR6 

0N5P37 

48 

170103 

40, 5N 

154. IE 

PCN  5 

T3.5/3.5 

0M5P36 

INII  35S 

49 

170902 

43. ON 

15fl.9£ 

PCN  b 

OhsP 

SO 

171345 

44. IN 

160. HE 

PCN  b 

0N5P 

SITE 


PGTif 

PGTK 

PGiK 

PGTil 

PGTk 

PGTN 

pgtn 

PGIM 

PGTM 

PGT« 

PGTiI 

PGIX 

PGTri 

ROON 

PGTH 

PGTW 

PGTW 

ROON 

PGTW 

RKSO 

ROON 

PGTtf 

rkSo 

PGTK 

PGT« 

ROON 

rphk 

PGIH 

PGlU 

BOON 

PGTB 

PGTB 

PGTN 

PGTX 

ROON 

RKSO 

ROON 

PGTR 

PGTN 

PGTN 

PGTN 

ROON 

PGTO 

PGTH 

PGTO 

RKSO 

potr 

KGKC 

KGRC 

KGKC 


*!tcr«ft  Fixes 


FIX 

TIM-i 

FIX 

FLT 

NIn 

DBS 

Max-SFC- 

■RND 

NO. 

(Z) 

POSITION 

LVL 

MGT 

mslp 

VelPhRO/RNG 

1 

130000 

24. 6N 

146. 6E 

7oOMH 

3016 

991 

30 

070 

75 

2 

130340 

25. ON 

1 46. 4E 

700MB 

3007 

990 

40 

270 

50 

3 

131410 

26, 5N 

145.8E 

7oOMB 

?936 

4 

ll31bS2 

26. 9N 

145. 6E 

700MB 

9917 

980 

5 

11 40  330 

27, 9N 

145. PE 

7nOMB 

P917 

979 

55 

270 

30 

b 

1140945 

28. IN 

145. IE 

700MH 

9899 

977 

40 

140 

90 

7 

1141335 

28, 8N 

1 44.5E 

700MB 

9888 

977 

8 

1141bl8 

29. IN 

1 44.4E 

700MH 

9867 

972 

9 

1150030 

29,  9N 

144. IE 

7oOMB 

P77B 

964 

SO 

OlO 

15 

10 

1150317 

3d.?m 

I44.2E 

YOOHH 

?TS4 

•  962 

70 

250 

50 

11 

151330 

31. 5n 

1 44. 7E 

700Hn 

?713 

957 

12 

151940 

31-9N 

144. HE 

tOOMB 

?bBo 

953 

13 

160D32 

33. 8N 

14b,  IE 

700MB 

?656 

950 

90 

250 

IS 

14 

lbU31B 

34. 5n 

1 46. 7E 

ToOMB 

9661 

950 

90 

260 

!6 

eyt  e»e  ohien- 
sn»Pe  oi*h/t«tion 


M**-FLr-LVU-RNn  ACCBT 
l)l«/l/EL/e)KG/dNG  NAV/MtT 


)50 

56 

080 

75 

4 

30 

270 

60 

4 

in 

1  MD 

51 

luO 

51 

n  rt 

55 

360 

90 

S 

b 

45 

270 

35 

2 

50 

14U 

30 

80 

ObU 

25 

?nn 

50 

250 

25 

4 

2 

0  70 

7b 

010 

23 

72 

250 

20 
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TROPICAL  STORM  KIT 


<;*rELi  iTF  nxLS 


FIX 

NO. 

TjHi 

(2) 

Fix 
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i 

192313 

13.6N 

1 33. 6E 

PCN  5 
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*  2 
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16.3N 

1?«.2E 
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•  3 

202227 

13. 7n 
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3 
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B 
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Y 
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14.9N 

173. 2E 

PCN  6 

Tl.5/1  .5-/'00.5/24HRS 
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13 
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lA 
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15 

221043 
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16 

221043 
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IT 
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la 
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19 

222148 
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20 
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21 
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PCN  5 

T2. 0/2.0  /D0.5/28HR5 
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22 
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23 
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115. 0£ 

PCN  b 
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25 
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26 
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115. 4E 
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27 
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I4.5N 

114. 3£ 
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29 
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30 
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31 
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32 
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PCN  5 

QPSPIS 

33 

241151 

16. 9N 

117. 2E 
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35 
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36 
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37 
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m.2E 
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DMSPl? 

38 
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0MSP16 

39 
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AO 
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109, 5E 
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A1 
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A2 
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17. aw 
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PCN  6 

OMSP37 

a3 

251215 
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1 09. IE 
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1 0B.3E 
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45 
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46 
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47 
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13.2N 

128. OE 

iboOFT 

070 

12 

310 

120 

••10 

♦  0 

3 

2122S8 
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27 
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25 
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23 
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4 

6 

•  ?5 

.24 
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28 

b 
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2S 
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7 
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25 
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4 

5 
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♦  9 

B 

230958 

14.9N 
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40 
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20 
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37 
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25 

3 

4 
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♦  7 

9 
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ToOMB 
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19 
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15 

10 

3 
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10 
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53 
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50 

5 

4 
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5o 

♦  13 
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12 
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16.0N 

113. TE 
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TYPHOON  LOLA 


FIX 
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RPHK 
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13. ON 
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23 
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1 24. 7E 
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29 

261157 
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124.8E 
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PGTitf 

30 

261423 

13. ON 
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RPKiC 

31 

261428 

13. 3N 

1  24. OE 

PCN  b 

Omspis 

PGTtf 

32 

262211 
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1 22. IE 
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INK  JJS 

RkSO 

33 

262212 
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33 
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[)MSP 
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PCN  3 
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39 
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*0 
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U.IN 
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RPRK 

41 
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14.4N 
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43 
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PCN  b 

OpSP'^S 

Cl  UP 

RPMK 

44 

272152 

U.6N 

1 17. 9E 

PCN  b 

[)M^p-^7 

PGTi< 

43 
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1 18, 2£ 

PCN  6 

RPHK 
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49 
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30 
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51 
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52 
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S3 
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54 

282314 

16. 7N 

1 18. OE 
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67 
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69 

302235 

18. 7N 

in.7E 

PCN  1 

74.5/4.5 

lQtiSP‘4  7 

INK  35S 

rkso 

70 

302233 

18. 8N 

in.7E 

PCN  3 

74.0/S.0-/NI.0/24HH8 

Omsp-)? 

ROOM 

71 
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72 
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RPHK 

73 

010340 

I9.IN 
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RKSO 

74 
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IDmsp^S 

ROOM 

75 

011116 

19. 4N 

no.SE 

PCN  5 

ROOM 

76 

0I11I6 

19. 6N 

Iln.SE 
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ID*4SP-»7 

RPM< 

77 

011212 

19. 5N 

nn.TE 

PCN  1 
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pgtm 

78 

011622 

19. 8N 
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PCN  6 

OPSP^S 

ROOM 

79 

011622 

ao.oN 

110. 3E 

PCN  1 

OM^p^S 

RPHK 

SO 

012215 

ZO.ON 

nn.oE 

PCN  2 

OwRPlT 

PGTM 

81 

012216 

So. IN 
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PCN  1 

0P«;Pl7 

rkso 

82 
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20. 7N 

109. 6E 
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QwSPlS 

ROOM 

83 

020 322 

ao.6N 

I 09. SE 

PCN  1 

TS.o/S. 0-/90. 5/22MR4 

JPSPIS 

RPHK 

84 

021057 

21. 5N 

108. 6E 

PCN  1 

QMSPiT 

RKSO 

85 

021057 

21.4N 

108. 5E 

PCN  1 

Om«;P17 

PGTW 

86 

021336 
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108. OE 
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RPHK 

87 
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?1.3N 

107. 7E 

PCN  1 

Omspis 

RKSO 

83 

021604 

21. 5N 

107.6E 

PCN  1 

OPSPIS 

RPHK 

89 

022338 
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DMSP17 
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RPHK 

90 
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PCN  6 
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«T?C»»FT  KUES 


FIX 
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fix 
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OjL^MRG/MOG 

OlM/VEL/BBt'-lMF. 

NAX/MCl 

shape 

oIam/tatiiin 
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50 

o*r» 

37 

340 

60 

♦  11 

*l\ 

1 

3 

250313 

12. ?N 

1-40. 3E 

700M8 

3097 

1002 

10 

130 

35 

?in 

20 

130 

n 

3 

5 

*11 

♦13 

♦  9 

1 

« 

251561 

12. 8N 

12fl.lE 

7nOMH 

3U7o 

no 

50 

ooo 

100 

5 

10 

♦  12 

♦  7 

7 

s 

251350 

12,3N 

1?7.7E 

700N1* 

30*5 

33 

230 

60 

♦  12 

♦  T 

2 

b 

252110 

12. PM 

177. 3E 

7i)0*<6 

30** 

35 

290 

30 

070 

38 

290 

120 

5 

10 

♦  12 

♦  P 

2 

T 

2bu200 

12. 2N 

126. 6E 

7nO«H 

30*1 

30 

120 

90 

210 

*0 

130 

60 

♦12 

♦ll 

3 

2ftu356 

12. 3N 

176. 2£ 

7n0M8 

3013 

992 

*5 

100 

50 

no 

♦5 

090 

40 

2 

3 

♦10 

♦  13 

♦lo 

3 

■3 

271100 

14.2N 

170. 4E 

700HB 

7965 

0<^O 

72 

310 

60 

♦  1* 

♦  1? 

* 

10 

271510 

U.5n 

119.se 

70068 

7964 

935 

300 

62 

190 

10 

5 

S 

♦13 

♦  15 

♦ll 

« 

It 

260305 

15. 2n 

117. 7E 

700HB 

50 

0 

5 

12 

280415 

1S.3N 

117.4E 

7nOH« 

7935 

963 

50 

120 

*0 

no 

57 

UO 

60 

3 

? 

♦12 

♦15 

*  9 

5 

13 

281353 

18. 3N 

1 15, ft 

fOOHo 

2823 

965 

]  lO 

7* 

QcO 

4^ 

iO 

5 

El-UlP7  IEae 

5o  ?u 

3S0 

♦14- 

♦  15 

♦1? 

6 

!♦ 

262120 

15. 4N 

1 15. IE 

7oOM8 

2815 

969 

140 

62 

160 

50 

7 

5 

ELLIpTICaU 

So  ?0 

360 

♦1* 

♦  15 

♦11 

6 

13 

290351 

16. 6M 

114. 6E 

7r106« 

7B1? 

963 

65 

090 

30 

170 

7* 

090 

30 

3 

4 

ClRCilLAR 

60 

♦  12 

♦  15 

♦  9 

7 

It> 

290533 

16. 8N 

11*. 3E 

700MB 

2773 

70 

350 

50 

080 

32 

3:>0 

60 

5 

4 

♦  16 

♦  9 

7 

17 

29U34B 

17. ON 

11*. OE 

700MB 

776* 

963 

180 

87 

09U 

30 

15 

3 

EI.LIPTICAL 

So  40 

3*0 

♦12 

♦  17 

♦  ft 

7 

PA^Ai»  FT4K.S 

FIX 

TIwE 

■F»X 

EYE 

etf 

KADUB'COOE 

RAOAR 

SITE 

N0« 

<7) 

POSITION 

NADaR 

accbt 

shape 

DlAft 

lOilFF 

comments 

PoSI Iiov 

HrO  no. 

1 

261900 

n.4M 

123. ♦£ 

land 

probable  eye  not  NELL  DEFINED 

i*.|N 

123.0E 

9e**o 

13.44> 

122. 8E 

land 

PSBL  CFNIER 

15. 2N 

120. 6E 

98327 

land 

‘^58// 

53212 

1*.  IN 

1 9 3, OE 

9S**0 

4 

270130 

!22!*£ 

land 

POOR 

PSBL  CFNTER 

isizN 

lio^E 

98327 

9 

27u210 

13«6kj 

122, 2E 

land 

POOR 

PSBL  CENTER 

15.2N 

120. 6E 

98327 

6 

270230 

13«6m 

122. IE 

LAND 

POOR 

PSBL  CFNIER 

15. 2N 

I20.6E 

98327 

270310 

1 3« 

122. OE 

land 

POOR 

PSBL  CFNIER 

I5.2N 

120. 6E 

96327 

b 

270330 

13«4n 

121 .^£ 

land 

POOH 

PSBL  CFNICR 

15. 2N 

120. 6E 

98327 

9 

270*30 

13«4m 

I21.TE 

LAnO 

P.OOK 

PSBL  CFNIER 

IS.2N 

120. 6E 

98327 

lu 

270510 

13«4N 

121 .BE 

land 

POOR 

PSBL  center 

IS.2N 

120, 6E 

98327 

11 

270535 

n«7M 

121. BE 

land 

POOR 

PSBL  CENTER 

1S.2N 

120. 6E 

98327 

12 

270630 

14«  1  N 

I?) .3£ 

land 

POOR 

PSBL  cenier 

15. 2N 

120.6E 

98327 

13 

270710 

14«  ON 

121. U 

land 

EYE  NEG  NALL  CLO 

1S.2N 

I20^6E 

98327 

14 

270730 

I4«0't 

121 .OE 

land 

F»1R 

CIRCULAR 

33 

EYE  NF.R  MALL  OLD 

I5.2M 

I2D.GE 

98327 

15 

270810 

l4«  0*r 

121. IE 

land 

F6lR 

CIRCULAR 

94 

EYE  APPNf  NALL  CLO  FpMG  E  OUAO 

15. 2N 

120. 6E 

98327 

16 

27o83o 

14#0^» 

121 .IE 

land 

F»1H 

CIRCULAR 

P9 

EVE  NEG  mall  LLO 

15. 2N 

120. 6E 

98327 

w 

270910 

13«9'‘i 

121 • IE 

LANO 

F*IR 

CIRCULAR 

P3 

EYE  NEG  mall  CLD 

1S.2N 

120. 6E 

98327 

lb 

271010 

14«0>^ 

I20.be 

land 

fair 

circular 

79 

EVE  NEG  MALL  ClO 

15. 2N 

120. 6E 

98327 

19 

271 030 

1  J«9n 

120. 7E 

land 

fair 

circular 

30 

EVE  NEG  mall  CLO 

1S.2N 

120.6E 

98327 

20 

271100 

14«7m 

119.be 

lAno 

1020/ 

///// 

16. 3n 

120.6E 

98321 

21 

271210 

U.3*< 

120. 3e 

land 

POUR 

circular 

EYE  appears  to  6e  reorganizing 

1S.2n 

120.6E 

96327 

22 

271235 

14, Iw 

120.*£ 

land 

POOR 

circular 

36 

EyE  appears  to  be  reorganizing 

1S.2N 

120, 6E 

98327 

23 

271310 

14. 3N 

120, 3£ 

land 

POOR 

circular 

36 

Eve  bcmg  indistinct  due  td  htnS 

15. 2N 

120.6E 

96327 

24 

271*10 

14, 3u 

120. IE 

land 

POOR 

circular 

36 

PSBL  eye  NEG  "All  CLO 

15. 2N 

leu.oE 

98327 

25 

271500 

15  .On 

119.5E 

L*nO 

45/// 

///// 

16.3m 

120.6E 

98321 

26 

271300 

14,9*1 

119. 7E 

land 

4//// 

///// 

10  OEG  SPRL  overlay 

16.3N 

120. 6E 

98321 

if 

272100 

15,0*7 

118. BE 

LAnO 

4//// 

///// 

16. 3n 

120. 6E 

96321 

2b 

272300 

IS*0N 

118. 3E 

land 

45/// 

62712 

in  OEG  SPRL  overlay 

16. 3N 

120. 6E 

98321 

29 

260300 

15. 3w 

117. ♦£ 

land 

45/// 

52709 

is  OEG  SPRL  overlay 

16.3M 

120. 6E 

98321 
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TYPHOON  MAMIE 


•iatellitf  fixes 


FIX 

THE. 

FTX 

NUt 

IZ) 

“OSiTTOn 

tCCRY 

0909*5  CODE 

SxT 

C3NNFNTS 

SITE 

1 

282223 

19.9N 

154. OE 

PCN  5 

7040/0*0 

INir  385 

pgTh 

290924 

19. 7N 

153. 3E 

PCN  6 

Cl  UP 

pgth 

i 

291105 

20.0N 

153. 3E 

PCN  5 

DNSP36 

Cl  UP 

pgth 

k 

292205 

19. 6N 

153. 2E 

PCN  5 

Tl.571.5  /01 

.5/24M8K 

04>5»36 

pgth 

6 

300035 

19.4N 

152. 9E 

PCN  5 

pgth 

6 

300S13 

19,5N 

153. 2E 

PCN  6 

QW^P^T 

pgth 

7 

3|}104B 

l9.aN 

152. 9E 

PCN  5 

PGTH 

B 

301316 

20»1W 

153. OE 

PcN  5 

PGTH 

302053 

21. 5N 

153. 3E 

'■pCN  6 

0mSP^7 

pgth 

10 

302054 

21. 5n 

153. 3E 

PCN  6 

OM<i;P^7 

BAStO  3N  CEHTFR  COO 

ROON 

u 

302148 

21.3N 

153.6E 

PCS  6 

T2.5/2.5  /01 

,D/23MR<! 

pgth 

l^ 

010016 

21 ,541 

152. 3E 

PCN  4 

DxSPlS 

BASES  In  extrap  cu/tcu  lines 

PGTh 

14 

010^36 

23. ?N 

ISP^OE 

HCN 

ci 

pgth 

IF 

011030 

2  3  •  5k' 

151, 9E 

PCN  5 

D“SP36 

PGTh 

15 

011259 

23. FN 

151. 8£ 

PcN  a 

PGTH 

16 

012034 

24. OW 

15fl.3E 

PCN  4 

t3. 5/3.5  /D1 

. 0 /26HR5 

0M(;pi7 

pgth 

1  7 

012034 

24. 9N 

150. 4E 

PCN  6 

Tl. 0/1,0 

O^SPll 

INII  385 

ROON 

IS 

012130 

24. 3N 

l5n.7E 

PCN  4 

OMsP^fi 

pgth 

19 

020140 

25. 7N 

149. 8E 

PCN  5 

pgth 

?Q 

020915 

26. 3N 

150. IE 

PCN  5 

0MSP17 

CI  SANE 

pgTh 

21 

020915 

26. 5N 

150.4E 

OCN  6 

0x5837 

ROON 

22 

021013 

26. 6N 

150. 2E 

PCN  5 

pgth 

23 

021422 

2r.'4N 

150. 5E 

PCN  5 

PGTH 

2* 

022014 

2rt.lN 

150. 4E 

PCN  4 

T3.O/3.04/O2 

,|)/24HR5 

[>M55P17 

ROON 

23 

022015 

28. 7N 

150. 4E 

PCN  4 

T3. 0/3.5  /NO 

.5/24HR5 

DMSPl7 

pgth 

26 

022113 

28. 2N 

1S0.6E 

PCN  4 

DMSPIIS 

pgth 

27 

030122 

29. 5N 

151. IE 

PC  *4  ♦ 

OMSPIS 

poTh 

28 

030956 

3i.?N 

15?. 7E 

PCN  5 

[)«SP^7 

CI  uOnn 

pgth 

v3v7&d 

J  J 

rC^‘  o 

r^rTll 

30 

031404 

33. 4N 

1S.3.4E 

PCN  6 

DNSP35 

pgth 

31 

031955 

35. ON 

155. 9E 

PCN  3 

T2. 0/3.0  281 

,0/24HRc 

DM?^P17 

PQTH 

32 

031955 

34. 9N 

155.9E 

PCN  4 

T2.5/2.5 

I)MSPl7 

INir  385 

KGHC 

33 

032056 

35. 6N 

PCN  3 

ONSPlf* 

PGTH 

34 

040105 

36, 8N 

158. 2E 

PCN  3 

jjMSP^S 

PGTH 

35 

040S36 

39. 8N 

161 .6E 

PCN  4 

DHSP 

NO  connection 

KGHC 

36 

041346 

41. 5N 

164. 3E 

PCN  6 

'^HSP35 

CONNECT ION  NORTH  OF  STOrN 

KGHC 

37 

041935 

4?. IN 

168. 5E 

PCN  4 

SELL  OtFINED  SC  BANOINS 

KGHC 

38 

042305 

♦2.?N 

170. 5E 

PCN  4 

0MSP7^ 

HELL  3EFTNEO  SC  BANOINS 

KGHC 

*I2CR4FT  fixes 

Fix 

THE' 

FIX 

FL'T 

NIN  OBS 

N4X-SFC-SND  NxX-FLT-LVL-Nsn  ACCRY  EyE 

eye  ORIEn- 

Eye  TEnPi  irl 

NS  S' 

NU» 

PQC  1  r  f  AM 

Har  MCI  P 

yri  /aPQ/puR  SH*P£ 

paT  *M/Ta  TT 

4|MT/  TtJ/  f)a/e5r 

MQ. 

1 

300213 

1<>«3N 

152. 5E 

ISOOFI 

996 

30  150 

*0  240 

27  160  35  3  1 

+25 

*25  23 

1 

2 

300358 

19.3N 

152. 6E 

7o0M8 

3056  996 

35  150 

40  220 

22  lao  20  5  2 

•10  *13 

♦  In 

1 

3 

010156 

21. 6N 

152. 5E 

7oomb 

3030 

35  050 

30  19(1 

43  050  30 

•  15 

*  7 

2 

4 

010350 

22.  IN 

182.5E 

Toohs 

3003  990 

35  260 

30  3')0 

30  260  30  4  2 

•13  *16 

♦  9 

2 

d 

011455 

23. 9N 

150. 9E 

Tooms 

2967  986 

38  160  2S  5  2 

•12  *18 

♦  IP 

3 

6 

070357 

25. 5N 

150, OE 

Toons 

2983  965 

45  060 

15  040 

54  330  2S  3  7 

*14  *15 

*1? 

4 

7 

021928 

28.  IN 

150. 3E 

Toohb 

2858  973 

50  160  25  4  3  CIRCULAR 

lo 

*13  *15 

*15 

5' 

a 

030050 

29. IN 

150. 9E 

ToOhS 

2  797 

65  130 

45  220 

70  130  20 

♦  20 

♦lo 

6 

9 

030317 

29.841 

151. 3E 

Toons 

?774  965 

SO  060 

65  160 

65  060  30  3  3 

*12  *18 

*n 

6 

10 

031243 

32. 5n 

153. IE 

Toons 

?B13  969 

?nn 

87-090  62 

*18 

♦l^ 

T 

11 

031405 

33.341 

153.bE 

Toons 

2824  969 

170 

75  08U  12(1 

♦  15 

*1? 

7 

12 

031503 

33»6^f 

154. OE 

Toons 

?T95  963 

58  310  8  44  elliptical 

4o  10  ISO 

*13  *17 

♦12 

r 
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TROPICAL  STORiH  NINA 


«iAr£iinf  Fii:xLS 


FU 

M-ii 

F  I 

NU. 

</• 

P051 

lOr 

aCCNY 

0V79AK  CODE 

s*l 

EJ.NFNIS 

SITE 

1 

052203 

15. 4M 

1 40 ♦ 6E 

RC9  S 

TO. 0/0.0 

INII  JnS 

PBTN 

Obi  043 

17.7N 

1  3  7,3E 

Prs  6 

PQIW 

J 

062327 

lO.O'i 

I34.2E 

PCN  b 

Tl.5/1,5  /ni.3/24HMC 

PGI  A 

4 

071209 

1  6.Sv 

131. IE 

1»C9  b 

P6TA 

3 

071435 

16. AN 

1 30, oE 

PC9  5 

PGTA 

6 

072200 

15. 7N 

1 7e,3E 

PCN  5 

T2.5/2.5  /ni.0/23HR«; 

PSTA 

1 

072310 

l5.»M 

1  75.2E 

PC9  5 

PGIA 

e 

061041 

U.HN 

1 75, HE 

PCN  t> 

Cl  oR 

PGTA 

•* 

041041 

13. 8N 

176. HE 

PCN  b 

RPNS 

id 

081152 

15. IN 

177. le 

PCN  3 

Omsp<^ 

PGIA 

11 

081558 

15.6N 

176.  IE 

PCN  b 

QmSP^^ 

RODN 

Id 

082141 

14.59 

174. 8£ 

PCN  6 

DmSP4/ 

PGlA 

U 

082252 

14.69 

1 74.6E 

PCN  6 

PGTA 

14 

090259 

15,  1  N 

173. 5E 

PCN  b 

72.0/2.0 

INH  J3S 

RPNK 

1  6 

090259 

15,0.. 

t74.3£ 

PCN  b 

7  3.0/3.0»/00.3/79HK*! 

Opsp-^s 

PGIA 

lb 

091022 

Is,  5N 

174. OE 

PCN  J 

Omcp^7 

PGTA 

IT 

091133 

15,39 

173. IE 

PCN  b 

pgTa 

lb 

091541 

15.09 

177. OE 

PCN  b 

Omsp^S 

RPN* 

I'T 

091541 

15,79 

177,6E 

PCN  b 

QmSP 

RODN 

2U 

092303 

l4,9N 

1?1 .OE 

PCN  b 

t2.o/2.04/S0.0/'70HH5 

OmSP'^7 

RPNK 

21 

O923O3 

16.59 

1?o,9E 

PCN  6 

0«SP^/ 

5b  NUkJ  COO 

RODS 

22 

lOOUlb 

14,49 

170. OE 

PCN  3 

T7.5/2.5./no.5/22HB« 

OM<;p 

RPNK 

2j 

IO0O49 

14.59 

170. 3E 

PCN  b 

73. 5/3. 5  /no.5/32HR5 

NOAAS 

PGTA 

24 

101522 

15.39 

n«.0E 

PCN  b 

Om<nPiS 

RPN* 

25 

101523 

14.5N 

1 19. OE 

PCN  b 

PGTA 

2b 

lnd243 

14,99 

117. 3£ 

PCN  b 

73. 0/3. 0  /00.5/23HR5 

0*ISP^7 

RPM* 

27 

102243 

12.79 

1 I7.5E 

PCN  6 

P05513EE  2nd  16. 7N  114.36 

ROON 

2a 

10235J 

U.49 

117. HE 

PCN  3 

74.0/4.0*/00.5/24HHS 

Omsp  m** 

PGTA 

2J 

102359 

15,09 

117. 3E 

PCN  3 

RPN* 

JD 

110223 

15.19 

117. 6E 

PCN  3 

QMSP 

PAml4i,Lv  EXPOSED  LLtC 

PGTA 

31 

110223 

15.09 

118. 2E 

PCN  b 

UAStU  ON  EXPDSFO  LLCb 

RPN* 

32 

ll  1)405 

15. 7N 

115. 3E 

PCN  3 

OM<qpis 

BAbbO  3n  Exposed  llCC 

RPN* 

33 

111124 

15.49 

117. 9E 

PCN  3 

0mSpi7 

RPHK 

34 

111241 

15. 4N 

117. 8E 

PCN  3 

QM^Plh 

RPN* 

35 

111505 

15.59 

117. 1£ 

PCN  3 

PARH41.L7  exposed  llcc 

PGTA 

3b 

111505 

15, 5N 

117. S£ 

PCN  3 

OmSPiS 

RPNK 

3/ 

112223 

15.49 

116.66 

PCN  3 

0M!SM^7 

PAHlIAtUV  exposed  llcc 

PGTA 

38 

112223 

15.49 

1 I6.1E 

PCN  b 

73.0/3.0  /SO.O/24HR5 

OpSP.1  7 

POSb  2nO  EXPOSfi)  16.29  llT.flE 

RPNK 

3« 

112223 

15.79 

ns. HE 

PCN  5 

Omspi7 

RK50 

40 

120347 

15.79 

115. 7E 

PCN  1 

Qm^P^S 

RPNK 

41 

121105 

15.59 

1 15. HE 

PCN  b 

0MSP17 

RODN 

42 

121105 

15.59 

1 16. 3E 

PCN  1 

0m«;pi7 

RPMK 

43 

171629 

15.69 

1 1 6. I E 

PC  N  3 

QMQPIS 

RPNK 

44 

122204 

15,69 

115. 6E 

PCN  4 

0«<iPl7 

PGTA 

45 

122324 

15.59 

1 16.0E 

PCN  3 

OmSpi#> 

PGIA 

4b 

122324 

15.79 

116. 5E 

PCN  3 

OasP-^A 

RPMK 

47 

130329 

15.79 

116. 2£ 

PCN  3 

74.0/4.0 

INII  05S 

RODN 

48 

130329 

15.29 

115. HE 

PCN  3 

73.0/3.0  /SO.0/29HR5 

OmSP^S 

LLCC 

RPMK 

49 

131045 

15.59 

115, 2£ 

PCN  6 

0¥spi7 

RPMK 

50 

131045 

15,39 

1 1 6.4E 

PCN  5 

Cl  OOXN 

PGTW 

51 

131207 

15.79 

116. 4E 

PCN  3 

Ow^PlT 

PGTA 

52 

131611 

15.69 

115. 2E 

PCN  a 

OPSP^S 

PARIUlLV  exposed  LLCC  N« 

RPMK 

53 

132326 

17. IN 

115. 7E 

PCN  5 

Tl.5/2.5  /Nl.b/BoHRs 

OMSPl? 

based  On  center  of  FEATuHES 

RPMK 

54 

140311 

16.79 

1)4. 9E 

PCN  b 

T3. 5/4.0  /80.5/24HH5 

OMSPlS 

RODN 

55 

14031 1 

15.79 

115. 2£ 

PCN  3 

72.5/2.5 

Qm^PiS 

INI)  oas  PAR7TALL7  EXPOsbO  LLCC 
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1.  CONTRACTIONS 

KT 

Knot (s) 

AC&W 

Aircraft  Control  and  Warning 

LLCC 

Low  Level-  Circulation  Center 

System 

LVL 

Level 

ACCRY 

Accuracy 

M 

Meter  (s) 

ACFT 

Aircraft 

M/SEC 

Meters  per  Second 

AIREP 

Aircraft  weather  Report(s) 

(Commercial  and  Military) 

MAX 

Maximum 

ANT 

Antenna 

MB 

Millibar (s) 

APT 

Automatic  Picture  Transmission 

MET 

Meteorological 

ARWO 

Aerial  .Reconnaissance  Weather 

MIN 

Minimum 

Officer 

MOHATT 

Modified  Hatrack 

ATT 

Attenuation 

MSN 

Mission 

AVG 

Average 

NAV 

Navigational 

AWN 

Automated  Weather  Network 

NEDN 

Naval  Environmental  Data  Network 

BRG 

Bearing 

NEDS 

Naval  Environmental  Display 

CDO 

Central  Dense  Overcast 

Station 

Cl 

current  rn tensity 

NESS 

Ns.'tl.oiiisX  Hxivxxoniusn't&X  Ss.'kdXlx'ts 
Service 

CLD 

Cloud 

NET 

Near  Equatorial  Trough 

CLSD 

Closed 

NM 

Nautical  Mile(s) 

CNTR 

Center 

NOAA 

National  Oceanic  and  Atmospheric 

CONF 

Confidence  (number) 

Admini s  tra  tion 

DEG 

Degree (s ) 

NTCC 

Naval  Telecoramun,ications  Center 

DIAM 

Diameter 

OBS 

Observation (s) 

DIR 

Direction 

PCN 

Position  Code  Number 

DMSP 

Defense  Meteorological  Satellite 
Program 

PSBL 

Possible 

PTLY 

Partly 

ELEV 

Elevation 

QUAD 

Quadrant 

FLT 

Flight 

RADOB 

Radar  Observation 

GOES 

Geostationary  Operational 
Environmental  Satellite 

RECON 

Reconnaissance 

HAT RACK 

Hurricane  and  Typhoon  Tracking 

RNG 

Range 

(numerical  forecast) 

RPD 

J.U 

HGT 

Height 

SAT 

Satellite 

HPAC 

Mean  of  XTRP  and  Climatology 

SFC 

Surface 

HU 

Hurricane 

SIJ?{MSLP) 

Sea  Level  Pressure  (Minimum  Sea 

HR 

Hour ( s ) 

Level  Pressure) 

HVY 

Heavy 

SMS 

Synchronous  Meteorological 
Satellite 

ICAO 

International  Civil  Aviation 

ni-rra-n  t  •?»  +■  t  on 

SPOL 

Spiral  Overlay 

IR 

Infrared 

SRP 

Selective  Reconnaissance  Program 

KM 

Kilometer (s) 

STNRY 

Stationary 
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ST 

Super  Typhoon 

TC 

Tropical  Cyclone 

TCARC 

Tropical  Cyclone  Aircraft  Recon¬ 
naissance  Coordinator 

TCM 

Tropical  Cyclone  Model 

TD 

Tropical  Depression 

TIROS 

Television  Infrared  Observation 
Satellite 

TS 

Tropical  Storm 

TY 

Typhoon 

TUTT 

Tropical  Upper  Tropospheric 

Trough 

VEL 

Velocity 

VIS 

Visual 

VSBL 

Visible 

WESTPAC 

Western  Pacific 

WMO 

World  Meteorological  Organization 

WND 

Wind 

WRS 

Weather  Reconnaissance  Squadron 

XTRP  - 

Extrapolation 

Z 

Zulu  Time  (Greenwich  mean  time) 

2.  DEFINITIONS 

BEST  TRACK  “  A  subjectively  smoothed 
path,  versus  a  precise  and  very  erratic  fix- 
to-fix  path,  used  to  represent  tropical 
cyclone  movement. 

CENTER  -  The  axis  or  pivot  of  a  tropical 
cyclone.  Usually  determined  by  wind,  tem¬ 
perature  or  pressure  distribution. 

CYCLONE  -  A  closed  atmospheric  circula¬ 
tion  rotating  about  an  area  of  low  pressure 
(counterclockwise  in  the  northern  hemi¬ 
sphere)  . 

EPHEMERIS  -  Position  of  a  body  (satel¬ 
lite)  in  space  as  a  function  of  time.  When 
no  geographical  reference  is  available  for 
gridding  satellite  imagery,  then  only 
epheraeris  gridding  is  possible  which  is 
solely  based  on  the  theoretical  satellite 
position  and  is  susceptible  to  errors  from 
satellite  pitch,  orbit  eccentricity  and  the 
non-spherical  earth. 

EXTRATROPICAL  -  A  term  used  in  warnings 
and  tropical  summaries  to  indicate  that  a 
cyclone  has  lost  its  "tropical"  characteris¬ 
tics.  The  term  implies  both  poleward  dis- 
pldCeitiori’b  f iOiu  th©  tropics  Hnd  tli©  convssrsioii 
of  the  cyclone's  primary  energy  sources  from 
release  of  latent  heat  of  condensation  to 
baroclinic  processes.  The  term  carries  no 
implications  as  to  strength  or  size. 

EYE  -  "EYE"  is  used  to  describe  the  cen¬ 
tral  area  of  a  tropical  cyclone  when  it  is 
more  than  half  surrounded  by  wall  cloud. 


MAXIMUM  SUSTAINED  WIND  -  Maximum  surface 
wind  speed  averaged  over  a  1-minute  period 
of  time.  Peak  gusts  over  water  average  20 
to  25  percent  higher  than  sustained  wind. 

RECURVATURE  -  The  turning  of  a  tropical 
cyclone  from  an  initial  path  toward  the  west 
of  northwest  to  the  north  then  northeast. 

SIGNIFICANT  TROPICAL  CYCLONE  -  A  tropical 
cyclone  becomes  "significant"  with  the  issu¬ 
ance  of  the  first  numbered  warning  by  the 
responsible  warning  agency. 

SUPER  TiFHOON/HURRICANE  -  A  typhoon/ 
hurricane  in  which  the  maximum  sustained  sur¬ 
face  wind  (l-minute  mean)  is  130  kt  or 
greater . 

TROPICAL  CYCLONE  -  A  nonfrontal  low  pres¬ 
sure  system  of  synoptic  scale  developing  over 
t-ropical  or  subtropical  waters  and  having  a 
definite  organized  circulation. 

TROPICAL  CYCLONE  AIRCRAFT  RECONNAISSANCE 
COORDINATOR  -  A  CINCPACAF  representative 
designated  to  levy  tropical  cyclone  aircraft 
weather  reconnaissance  requirements  on  recon¬ 
naissance  units  within  a  designated  area  of 
the  PACOM  and  to  function  as  coordinator  be¬ 
tween  CINCPACAF,  aircraft  weather  reconnais¬ 
sance  units,  and  the  appropriate  typhoon/ 
hurricane  warning  center. 

TROPICAL  DEP^SSION  -  A  tropical  cyclone 
in  which  the  matximum  sustained  surface  wind 
(l-minute  mean)  is  33  kt  or  less. 

TROPICAL  DISTURBANCE  —  A  discrete  system 
of  apparently  organized convection — generally 
100  to  300  miles  in  diameter — originating  in 
the  tropics  or  svibtropics,  having  a  non¬ 
frontal  migratory  character,  and  having  main¬ 
tained  its  identity  for  24  hours  or  more. 

It  may  or  may  not  be  associated  with  a 
detectable  perturbation  of  the  wind  field. 

As  such,  it  is  the  basic  generic  designation 
which,  in  successive  stages  of  intensifica¬ 
tion,  may  be  classified  as  a  tropical  depres¬ 
sion,  tropical  storm  or  typhoon  (hurricane). 

TROPICAL  STORM  -  A  tropical  cyclone  with 
maximum  sustained  surface  winds  (l-minute 
mean)  in  the  range  of  34  to  63  kt,  inclusive. 

TROPICAL  UPPER  TROPOSPHERIC  TROUGH  (TUTT)- 
"A  dominant  climatological  system,  and  a 
daily  synoptic  feature,  of  the  summer  season 
over  the  tropical  North  Atlantic,  North 
Pacific  and  South  Pacific  Oceans,"  from 
Sadler,  James  C. ,  Feb.  1976:  Tropical  Cyclone 
Initiation  by  the  Tropical  Upper  Tropospheric 
Trough.  (NAVENVPREDRSCHFAC  Technical  Paper 
No.  2-76) . 

TYPHOON/HURRICANE  -  A  tropical  cyclone  in 
which  the  maximum  sustained  surface  wind  (1- 
minute  mean)  is  64  kt  or  greater.  West  of 
180  degrees  longitude  they  are  called  ty¬ 
phoons  and  east  of  180  degrees  they  are  cal¬ 
led  hurricanes.  Foreign  governments  use 
these  or  other  terms  for  tropical  cyclones 
and  may  apply  different  intensity  criteria, 

WALL  CLOUD  -  An  organized  band  of  cumuli- 
form  clouds  iiranediately  surrounding  the  cen¬ 
tral  area  of  a  tropical  cyclone.  The  wall 
cloud  may  entirely  enclose  the  eye  or  only 
partially  surround  the  center. 
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